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Part A of the handbook is divided into six major sections and
Part B into four sections. Section I, introduction,defines solid lubri-
cants, outlines their advantages and disadvantages, states the purpose of
Part A and gives a general description of the various types of solid lubri-
cants; Section II contains alphabetical lists of manufacturers and products,
solid lubricant classification, specifications materials, "LOX" and fuel
compatibility, and usage tables for selected bonded solid lubricants and
composite materials; Section III contains data sheets which give chemical
and physical properties of selected lubricants;‘Section IV includés data
sheets listing manufacturer supplied test and application data; Section V
covers laboratory test data obtained at MRI on selected solid film lubricants,
gear test data and composite materials; Section VI containing three appendices,
one a glossary of terms, the second containing excerpts of solid lubricant
specifications, and the third, description of test apparatus and procedures
used in laboratory evaluation of solid lubricants,

The four sections of Part B are Section I,introduction, which
states the purpose of Part B, gives instructions for use of the handbook,
presents indexes of all materials included, and a series of charcrs illustrating
various kinds of potential application; Section II includes brief written
description of military specifications; Section III contains data sheets,
listing physical and chemical properties of selected lubricants; and Sec=-
tion IV containing two appendices, one a glossary of lubrication terms, and
the second a series of summaries of standard testing methods used to evaluate
lubricating oils, gears, and fluids,

All units are given in the SI System except in areas where con-~
fusion exists in the use of the system.
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NOTICE

The inclusion or exclusion of any manufacturer's product in or
from this handbook shall not be construed as either approval or disapproval
of any product or manufacturer by the United States Govermment.

The information contained in this handbook was obtained primarily
from govermment reports, military specifications, qualified products lists
and suppliers of commercial lubricants.

The handbook will answer many questions that confront designers
and other lubricant users; however, questions will arise which are outside
the scope of the handbook. In addition, only a small percentage of the
available lubricants are included in the handbook. Obviously, lubricants
not given in the handbook can be found that will satisfy some of the same
applications as those included herein., The chief advantage of the handbook
is that it aids in matching a specific lubricant to a particular application.
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AT - INTRODUCTION
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Solid film lubricants can generally be defined as materials that
provides lubrication to two relatively moving surfaces under essentially
dry conditions. The most common, and still the most widely used, of the
solid film lubricants, powdered graphite and molybdenum dlsulflde have been
known and used limitedly for more than 100 years. The development of these
and other solid lubrlcants,-as has also been the case of flaid  lubricants -
and greases, has not been an exact science but an "art" or technology that
has developed through many years of service experlence.i And, it has been
only in the last 20 years that they have been recognized and accepted to
any significant extent by industry due to need for lubricants that would
meet temperature and other envirommental conditions beyond the range of
conventional fluid and synthetic lubricants.

Bonded solid film lubricants in which the lubricating solid film
is attached to the substrate by a binder material is even more recent in
development than the powdered solid films. In the early development of
bonded films, a large variety of binder materials were evaluated including
such materials as corn syrup, asphalt base varnish, silicone base varnish,
and glycerol. Binder materials now include thermoplastic and thermosetting
resins, metals, ceramics and metal salts. Lubricating solids now being in-
vestigated and developed include soft metals, metallic oxides, metallic
sulfides and many others.

The study of solid lubricants, as they are now known, is a rela-
tively new field of lubrication. No systematic study of these materials
began until a considerable time after they were introduced in the aircraft
industry (1940 to 1950). 1In their early applications, they were erronously
sold as "cure-all" lubricants, resulting in misapplications. Unfortunately,
these misapplications frequently outweighed the proper applications, thereby
slowing down the general acceptance of these lubricants by industry. There
are many areas of lubrication in which specific types of solid films can be
used to advantage and there are also areas when they should not be used, as
there is also no single solid film lubricant that will meet all requirements.

Many authors have discussed the applications and listed the various
advantages and disadvantages of solid £ilm lubricants, some of these are:

A. Advantages of Solid Lubricants

1. Do not collect grit.
2. Can be used under extremely high load conditions.

3. Excellent storage stability.
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4. LOX and oxygen compatible (inorganically bonded films).
5. Suitable for use over wide temperaturé réhge:

6. Resistant to the effects of nuclear and gamma radiation.
7. No disposal problem.

8. Friction decreaseg with increase 1;;d.

9. 1In some gpplications solid films will provide lubrication
for the life of the parts.

B. Disadvantages of Solid Lubricants

1. Limited amount of lubricant available.
2. Friction coefficient higher than with hydrodynamic lubrication.

3., Provisions for the effective removal of wear debris must be
provided.

4. Considerations must be given to removing heat from contact
zone of bearings and gears when using solid film lubricants.,

5. More expensive (costly relubrication).

6. Avoidance of contamination during coating processes and
assembly of parts lubricated with solid film lubricants.

7. Elevated temperature cure cycle of some solid films will
damage the mechanical properties of some materials,

The selection of the proper solid film lubricant for a particular
application is a complex problem for the lubricant engineer, involving a
consideration of specific lubricant properties and operating parameters
and enviromment of the equipment. A lengthy .discussion of the theory of
lubrication by solidmaterials, such as graphite and molybdenum disulfide,
and others, is beyond the scope of this handbook, The material in this
handbook is intended as a general aid or guide to the designers of space-
craft and ground support equipment in selection of solid film lubricants
for specific applications. This book is not intended to supplant other
publications or expert opinions on specific problems, such as corrosion
protection, LOX, fuel, solvent and other material compatibility.
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Users of this handbook are urged to contact the Materials Divi-
sion of the Propulsion and Vehicle Engineering Laboratory, Marshall Space
Flight Center, for aid in selecting solid lubricants for special applica-
tions,

. The inclusion or exclusion of any manufacturer s product in or
from this handbook shall not be comstrued as either approval or disapproval
_of any product or manufacturer by. the Unlted States Government,

The information”contqincd‘iﬁfthi§5handbook was obtained primarily
‘from government reports, military and federal specifications, and from
data sheets and product literature from suppliers and manufacturers of solid
film lubricants. Some of the data are also based on tests conducted in the
Institute laboratory.

This handbook will answer many of the problems confronting de-
signers and users of solid film lubricants; however, questions will un-
doubtedly arise which are outside the scope of this handbook. 1In addition,
only a representative portion of the numerous solid film lubricants are
included in this handbook and there are, no doubt, other solid films mot
listed which will satisfy the same applications of some of these listed herein,

C. Description of Solid Film Iubricants

So0lid film lubricants encompass many separate and distinct types
and classes of lubricating materials, each having somewhat different proper-
ties, operating ranges, method of attachment to the substrate material, etc,
These film lubricants could be grouped in many ways; one of the most logi-
cal, and the one used herein, is to classify them according to the manner
by which they are attached to the substrate, since in many cases similar
lubricating compounds are used in more than a single class of solid films.

Unbonded Solid Lubricants

The unbonded solid films, in granular or powdered form, are the
simplest types of the solid film lubricants, and, although not physically
or chemically attached to the substrate material, they do adhere to many
substrate materials by mechanical or molecular action, and provide a low
friction lubricated surface. In general, these film lubricants will have
lower adhesion, wear-life, load carrying capacity, fluid resistance, and
other properties than the bonded solid film lubricants. The most common
of the unbonded lubricants are graphite and molybdenum disulfide, although
other materials, such as: Teflon and other plastics, talc, and metallic
salts are used in this form. The temperatures at which these lubricants
may be used is determined by their reaction in air; molybdenum disulfide
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oxidizers at about 399°C (750°F) (molybdenum trioxide) and tends to reduce
its lubricating properties. Graphite loses its absorbed water at elevated
temperatures and is generally not recommended for temperatures above 538°C
(1000°F), Some metallic salts also exhibit reasonably good lubricating
properties at temperatures up to 568°C (1000°F); however, most unbonded £ilm
lubricants are limited to temperatures of 260°C (500°F) or lower.

Unbonded solid film may be applied by several methods depending
on the type or form in which it is applied. In the dry powder condition,
it may be applied by brushing, dipping, spraying or burnishing. In a
fluid suspension or colloidal form (water or solvent), it may be applied
by the brush, dip, or spray method, allowing the nonadhesive carrier to
evaporate. In aerosol containers (gas carrier, i.e., Freon), the powdered
dry film may be sprayed directly on the lubricated surface. In both the
latter forms the fluid or gas carrier does not improve the adhesion or
lubricating properties of the film, but only provides a convenient form of
application.

Resin-Bonded Solid Lubricants

Resin-bonded films are currently the most widely used solid lubri-
cant. This group includes both air-cured and heat-cured materials (air-
cured and heat-cured refer to the methods used in polymerizing the resin
binder). The solid lubricant pigments used most frequently in resin-bonded
films are: molybdenum disulfide (MoSy), tungsten disulfide (WS,), poly-
tetrafluoroethylene (PTIFE), and graphite.

The pigment may be one lubricating solid or a mixture of several.
The function of the pigment is to provide the wear reduction and low fric-
tion required for the system being lubricated. The binder serves to hold
the lubricating pigment to the metal surface so that the motion of parts
does not result in the complete loss of the pigment from the system. In
the formulation of resin-bonded solid lubricants, the proper pigment-to-
binder ratio is very important. However, the pigment-to-binder ratio can
vary widely with the particular resin used,.

There are certain factors that can affect the overall performance
of bonded films in any given situation. One is the condition of the metal
surfaces being lubricated. 1In most cases the surface is changed or modified
by some pretreatment to obtain optimum film performance. Other factors
involve the variables directly related to the application of the film, such
as spraying techniques. In addition to application factors, envirommental
conditions. and the operating characteristics of the system being lubricated
can drastically affect the film. These factors should be considered in any
final selection of a bonded solid lubricant.
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The resin-bonded solid lubricants are generally applied in thin
films to the surfaces of the components being lubricated. In most cases
the surfaces have been pretreated in a manner that will depend on the sub-
strate being used and the service for which the parts are intended. The
resin-bonded solid lubricant films can be applied by spray, dip, or brush
methods. Spray application is usually the most satisfactory. Spray coat-
ing thickness should range from 5 x 106 to 2 x 10~3 m. (0.0002 to 0.0008 in.),
the optimum being about 1.27 x 10=3 m. (0.0005 in.). If the film is too
thick, it will be structurally weak and peel or flake off with sliding
motion under load; on the other hand, a film that is too thin may result in
premature failure due to rupture., Although some test results are contra-
dictory, it appears that for high load a thinner film (7.6 x 10-6 m. (0.0003
in.) per surface will give the longest wear-life. For lighter load condi-
tions the thickness can be substantially increased. However, economics of
the coating process (spray time, curing time, etc.) should enter into any
decision involving the use of thicker films. A second area that must be
considered if thick films are used is wear debris generation. Large amounts
of wear debris are generated from thick films and some provision must be
made for the removal of this debris from the bearing area.

The wear behavior and wear-life characteristics of a resin-bonded
solid lubricant are different from those of most other solid film lubricants.
In its initial wear-in, it will exhibit relatively high wear which will
become less with time. The initial high wear rate can be attributed to the
loss of loose material from the surface of the film and the compaction of
the film by the applied load. As running continues, the film will appear
glossy or burnished. The best performance, lowest wear and steadiest fric-
tion, are obtained during this time.

Bonded dry film lubricants can provide long wear-life, good
abrasion resistance, good adhesion, and good resistance to a variety of
solvents. Performance of the films depends to a large extent on the cured
properties of the binders used,

Air-Cured Resin-Bonded Solid Lubricants

An air-cured resin-bonded solid lubricant consists of a lubricating
powder, or powders, in an air-curing resin binder material. The lubricating
pigments most frequently used are molybdenum disulfide, graphite, or a
lubricating plastic such as polytetrafluoroethylene. This type of solid
film lubricant usually contains a lower total solid content than heat-cured
film to provide a more satisfactory solution for aerosol application.

Binder materials used in the air-drying solid lubricants are

thermoplastic resins such as cellulosics, and acrylics, These resins re-
quire no heat cure and therefore can be used on substrates that cannot be
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baked. They produce a fairly hard £ilm, but do not have good resistance to
solvents.

Heat~Cured Resin-Bonded Solid Lubricants

Heat-cured, resin-bonded solid lubricants are the most widely
used in the dry film lubricant industry. The materials consist of the
lubricating pigment and a specially,formulated re$in binder. The lubri-
cating pigment is usually a mixture of approximately 907 molybdenum di-
sulfide and 10% graphite, which seems: to give the best results when fric-
tion and wear are considered. The relatively small concentration of graphite
appears to improve the low load performance (lower friction) of the MoS2.
Replacing graphite with antimbny trioxide (Sby03) produces the same effect.
Films are available that contain small percentages of silver, indium, lead,
and so forth, as well as a mixture of MoSy and graphite, but the lubricant
coatings containing only graphite and molybdenum disulfide are more readily
available.

Curing of the binders in these films will usually require a bake
of approximately 1 hr. at 149°C to 204°C (300°F to 400°F). Special films
such as those containing polyimide binders require baking temperatures of
302°C (575°F) for 2 hr. Because of the baking temperature, care in the
selection of the metal substrate is required. Temperatures of about 135°C
(275°F) for 1 hr. can weaken certain aluminum alloys.

Binders that are normally wused in the heat-cured solid lubricants
are thermosetting and include alkyds, phenolics, epoxides, silicones,
polyimides, and polyphenylene sulfide (PPS). Alkyds are relatively inex-
pensive, cure at low temperatures and are generally easy to handle. Phenolics
have good surface adhesion and are harder than the alkyds, but require a
high~temperature curing cycle, usually 149°C to 204°C (300°F to 400°F) for
1 hr. Epoxy resins have excellent solvent resistance and very good adhesion,
but are softer than phenolics. Modified epoxyphenolics combine the good
properties of both materials. Silicones offer a higher operating tempera-
ture, but are softer and have only fair adhesion., Normally, they are used
only for high-temperature service and then only when the brittleness of
the silicate type of binder presents a problem.

The polyimides are relatively new in the adhesive field. They
were originally intended as laminating resins for use with fiber glass
cloth., They have also been used as a wire insulation in electric motors
where high temperature is a problem. The polyimide binder materials have
extended the useful range of the resin-bonded lubricant films up to approxi-
mately 371°C (700°F). Films containing these materials have been evaluated
at temperatures up to 538°C (1000°F) in vacuum. Such tests have demonstrated
that the polyimide resins do have a limited life at extreme temperatures.
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The polyimide bonded solid-~lubricant films have also demonstrated their
superiority in extremely high load application, '

There are several other new binder materials being considered for
use with solid lubricants. These materials are similar in structure to the
" polyimides and include the pyrones, PBI (polybenzimidazole), PBT (polybenzo-
thiazole), and polyphenylene sulfide. Of these four materials, the pyrones
are very resistant to oxygen and strong acids. )

These heat-cured materials are éupefier to the air-drying maﬁexialsh
and should be used where high load-carrying ability or long life is required.-
They are usable over the temperature range of -73°C to 371°C (~100°F to
+700°F) . : :

The importance of the resin-bonded solid lubricants hégpgfown
rapidly over the past 20 years. Because of this rapid growth, means of
controlling the quality of the bonded films was needed. To insure that
quality be maintained, government agencies have prepared specifications
covering the materials and their uses. Typical of these specifications are
MIL~L-8937, MIL-L-23398, and MIL-~L-46010. There are also several custom
variations available in these heat-cured solid film lubricants.

Inorganic-Bonded Solid Film Lubricants

Inorganic-bonded lubricating pigments are usually referred to as
high—-temperature solid lubricants. These materials are intended for use
at temperatures from approximately 260°C (500°F) to in excess of 649°C
(1200°F). There is considerable overlap in applicable temperature ranges
for the various binder materials; however, certain ones operate very satis-
factorily at temperatures down to 149°C (300°F). The high-temperature in-
organic-bonded solid lubricants are a logical extension to the resin-bonded
types. They employ ceramic or salt-based binders to give greater temperature
resistance than resins and usually employ lubricating solids which are more-
thermally and oxidatively stable than graphite or MoSs. Solid lubricants
of this type usually contain lubricating solids (pigments) such as lead
oxide, lead sulfide, calcium fluoride, gold, silver, and so forth. There
are exceptions, however, and a number of the ceramic and salt-based binders
are used with MoSo9 and graphite. '

Nonceramic (Silicate, Phosphate)

The bonding technique for these materials commonly employs water-
soluble silicates, phosphates, etc., which produce a hard coating that tends
to be brittle when cured (curing is accomplished by slowly driving out the
excess water by heating). In general, they can be used at temperatures from
~73°C to 538°C (-100°F to +1000°F). Solid lubricants containing the salt-
based binders usually contain graphite, MoSy, lead sulfide, powdered metals,
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etc. They can be used in extremely high load areas, with loads in excess

of 6.895 x 108 N/mZ (100,000 psi). However, for applications where move~-
ment is a prime design consideration, they are not as good as resin-bonded
films as far as wear-life and strength are concerned. Two advantages of
these films over others are that (1) they will not outgas significantly in
a vacuum of 10-9 torr, and (2) they are compatible with liquid oxygen. How-
ever, there are disadvantages such as (1) lack of corrosion protection,

and (2) softening of the film in the presence of water or moisture for ex-
tended periods of time.

Ceramic-Bonded

The ceramic bonding agents are glasses rather than resins, and
soften when heated. On cooling they solidify and serve as a bonding agent
for the dispersed lubricant. Their principal advantage is their good
strength at elevated temperatures. The lubricating solids commonly employed
with ceramic binders are graphite, calcium fluoride (CaFj), lead oxide,
and mixture of barium fluoride (BaFy) and CaFy. Useful temperature ranges
are from approximately 260°C (500°F) to more than 816°C (1500°F).

Although the ceramic-bonded materials, as a class, do not perform
as well (i.e., have low friction and wear) as the resin-bonded materials
at lower (room) temperatures, they generally exceed the resin-bonded films'
capabilities by a considerable amount (over 10 times) at higher temperature
371°C (700°F). There are exceptions, however, one being when the lubricants
are run at high speeds which result in high temperatures over 371°C (700°F)
being generated in the contact zone. In such cases, the ceramic~bonded
films will generally outperform the resinous films,

One problem in the use of ceramic-bonded materials is the thermal
expansion of the cured coating. This must be matched closely with the ex-
pansion of the base material. If the thermal expansion characteristics
are not the same or very similar, the coating will be fractured and be
easily removed from the substrate.

D. Pretreatment for Solid Films

Pretreatment of the substrate material prior to the application
of any bonded solid film lubricant can greatly affect its perfommance; in
most cases, it improves the wear-life and other properties of solid films
and, in many cases, it is a prerequisite for satisfactory adhesion and
optimum lubricant properties. The type of substrate pretreatment recom-
mended is dependent on several factors; including the specific substrate
material, the bonding resin employed, and the operating enviromment of the
film application. However, in general, pretreatments of the substrate are
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grouped into one of two classes: cleaning to remove dirt, grease, oil,
surface scale, etc.; and surface treatment by chemical or mechanical means
to improve the surface for better mechanical bond‘éfwthe resin, ' The chemi-~
cal films provide corrosion resistance andAa_surféce to which the bonding
resin will adhere better-than to the substrate. :

| Cleaning of the substrate is usually by meanslaf.sahding, scraping,
grit or sand blasting to remove dirt, scale and foreign material, and a
solvent, acid or other chemical rinse to remove any surface oils, A clean
surface free of any oil film is essential for good bonding and adhesion of
any adhesive or resin bond. Substrate-treated films to improve corrosion
resistance and improve resin bond include phosphating, sulfiding, anodizing;
chemical, etc. )

The chemical pretreatments mentioned above are used primarily in
conjunction with the resin-bonded solid lubricants that have curing tem-
peratures. below 204°C (400°F), These same pretreatments can be used with
the inorganic-nonceramic-bonded lubricants if the curing temperatures can be
held below 204°C (400°F). The most accepted surface pretreatments for the
inorganic-bonded films are the vapor or grit blast, Pretreatment of sur-
faces for ceramic-bonded solid lubricants is, in nearly all cases, grit blasting.

E. Application Processes

The processes by which the bonded solid lubricants are applied
to bearing surfaces can have considerable effect on the film behavior and
performance. All of the various types of bonded film (resin, inorganic
nonceramic, and ceramic bonded) can be applied by spraying, dipping, or
brushing.

Of the three common methods, spraying and dipping are most often
used, However, there certainly are cases where brushing can be used to
advantage. The commonly held opinion that “spraying a dry lubricant is
just like spraying paint," is not correct. A dry lubricant is a very special
material and should be treated as such. Applying a solid lubricant in the
sloppy manner often used in spray painting will result in a very degraded
film, In a dipping process, the entire part is usually completely immersed
in a lubricant bath. Sometimes the dip process will produce a film of non~-
uniform thickness.

Sputtering

Film applied by the conventional methods mentioned above have
film thicknesses greater than 2,54 x 106 m, (0.0001 in,) per surface. In
many specialized applications, such as close tolerance ball bearings, the
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aforementioned film thickness is too great and can cause interference and
jamming of the bearing with wear debris. For the application where thin
films are required because of close tolerances, the application of lubricants
by the sputtering technique‘appears to have the most promise.

Sputtering of materials is not new; the process used has been
in use for over 100 years, However, the application of solid lubricant
materials to surfaces by the sputtering process is relatively new.

Sputtefing is generally performed in an inert gas atmosphere
(argon, Xenon, etc.) of several microns pressure. A potential is applied
across the electrodes to ionize the inert gas. The material to be sputtered
is the cathode (target). The sputtered material from the target is ejected
through the plasma and deposits on the part being coated. The basic mechanism
of sputtering is thus a process where the positive ions of the inert gas,
which forms a gaseous plasma, are accelerated through an electron free
region with enough energy to knock off or sputter the negatively charged
target material. The sputtered material is deposited on the work piece
substrate, which is placed close to the target source. Lubricant film
thicknesses of from 2 x 1077 m, to 1 x 10-6 m, (2,000 to 10,000 A) can be
applied by the sputtering process.

The most frequently used sputtering systems are powered by either
DC or RF power supplies, Sputtered film of MoS; lubricant has been suc-
cessfully applied to journal bearings,spur gears, ball bearings, and many
other parts requiring lubrication.

Personnel at the NASA-Lewis Research Center have conducted ex-
tensive studies in the area of sputtered lubricants. Their outstanding
work in this field has resulted in the widespread interest mnow being shown
in the sputtering process.

There is only one sputtered lubricant film identified by number
in this document. It is identified as MEL-1 and is available from Midwest
Research Institute. The MEL-1 film contains only molybdenum disulfide,
However, other materials such as CaFp, BaF,, and mixtures of these high
temperature solid lubricants have been successfully applied by the sputtering
process,
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ALPHABETICAL LIST OF SOLID FILM AND

COMPOSITE LUBRICANT MANUFACTURERS

Acheson Colloids Company
Port Huron, Michigan

Allegheny Plastics, Inc.

Coraopolis, Pennsylvania

Ball Brothers Research Corporation

Boulder, Colorado

The Barden Corporation
Danbury, Connecticut

Bel-Ray Company, Inc.

Farmingdale, New Jersey

Bemol Corporation
Newton, Massachusetts

Cerac, Inc,
Butler, Wisconsin

Dixon Corporation
Bristol, Rhode Island

Dow Corning Corporation
Midland, Michigan

Drilube Company
Glendale, California

Dri-Slide, Tnc.
Fremont, Michigan

E. I. du Pont de Nemours and Company, Inc.

Wilmington, Delaware

Electrofilm Corporation

North Hollywood, California

ATTI-1

Page Nos,
Sections
ATT ATI1 ATV AV
3 1,2 1-4
20
3 3 5
20
3 4 7
19
3 5,6
19,20
3,41 7,8 9,11
4 9,10 13,14
4 - 11 15
19,20,21
4 113,14 17-20




Everlube Corporation
North Hollywood, California

Fel-Pro, Inc.
Skokie, Illinois

General Magnaplate Corporation
Belleville, New Jersey

H. A. Henderson Company
Los Angeles, California

Hohman Plating and Manufacturing, Inc.

Dayton, Ohio

Lubeco, Inc.
Compton, California

Microseal Corporation
Mountain Vew, California

Midwest Research Institute
Kansas City, Missouri

National Process Industries
South Gate, California

Phillips Petroleum Company
Bartlesville, Oklahoma

Poxylube, Inc.
Indianapolis, Indiana

Product Techniques, Inc.
Hawthorne, California

Pure Carbon Company, Inc.
St. Marys, Pennsylvania

Rogers Corporation
Rogers, Connecticut

Sandstrom Products Company
Port Byron, Tllinois

ATTI-2

Page Nos.

Sections
ATT AIIT ATV AV
5 15,16 | 21,22
5 17 23
5 19,20 | 25,26
5 21 27
5 23,24 | 29,30
6 25 31
6 27 33
6 29 35,36
6 31 37,38
21
6 33 39
6 35 41,42
21
20
6 37 43




SOLID LUBRICANT PRODUCT LIST

Manufacturér and Lubricants

Acheson Colloids Company
Release Coating No. 7
DAG 154
DAG 244
DAG 250
Molydag 254
Emralon 310
Fmralon 311
Fmralon 312
Emralon 315
Emralon 317
Emralon 319
Emralon 320
Emralon 321
Emralon 327
Emralon 328
Emralon 329
Fmralon 330

Ball Brothers Research Corporation
VAC KOTE BPS 18,07
VAC KOTE 21207

Bel-Ray Company, Inc.
Molylube AR
Molylube SR
Molylube N
Molylube Spraycote

Cerac, Inc,
Lubricant Powders
SP-111

Dow Corning Corporation
Molykote 106
Molykote X-15
Molykote M-88
Molykote Spraykote
Molykote 321
Molykote 523
Molykote M~8800
Molykote 273

Molykote 557 ATI-3

Page Nos,
Sections
CALIT AV

1 1
' 1
1 1
1 1
1 1
1 3
1 3
1 3
1 3
2 3
2 2
2 2
2 2
2 2
2 2
2 4
2 4
2 4
3 5
3 5
3 5
4 7
4 7
4 7
4 7
4 7

5

5

6
7 9
7 11
7 11
7 11
7 11
7 10
7 10
7 10
8 11
9



Page Nos,

Sections
Manufacturer and Lubricants AIIL ATV
Dow Corning 3400A 8 10
Dow Corning 3402 8 9
Dow Cornig 1-3917 8 11
Dow Corning 1-3943 (AFSL-41) 8 9
Drilube Company 9 13
Drilube 1A 9 14
Drilube 90 9
Drilube 207 (A, B, & C) 9
Drilube 701 (702) 9
Drilube 805 9 14
Drilube 831 9
Drilube 861 10 14
Drilube 867 10 13
Drilube 868 10 13
Drilube 869 10 13
Drilube 870 10 13
Dri-Slide, Inc. 11 15
Electrofilm Corporation 13 17
Lube-Lok 66-C 13 17
Lube-Lok 1000 13
Lube-Lok 2006 13 17
Tube-Lok 2119 13
Lube~Lok 2306 13 17
Lube-Lok 2396 13 17
Lube-Lok 24N6 i3 17
Lube-Lok 2606 13 19
Lube-Lok 5306 14 19
Iube-Lok 5396 14 19
Lubri-Bond A 14 19
Lubri-Bond J 14
Lubri-Bond M 14 18
Lubri-Rond N 14 18
Electro-Moly 14 18
Electro-Graph 14 18
Lubri-Bond HT (AFSL-41) 14 20
Lube~-Lok 2696 14 19
Luhe-Lok 4396 14 19

ATI-4



Page Nos,

Sections
Manufacturer and Lubricants AIIT ATV
Everlube Corporation 15 21
Everlube 620 15 21
Everlube 626 15 21
Everlube 810 & 810M 15
Everlube 811 15 21
Everlube 812 15
Everlube 823 15
Inlox 44 & 88 16 21
Ecoalube 642 16 22
Everlube 967 16 22
Everlox 16, 17, & 18 16 22
Fel-Pro, Inc. 17 23
Fel-Pro C-200 17 23
-, Fel-Pro C-300 17 23
 Fel-Pro C-640 17 23
Fel-Pro 651A 17 23
General Magnaplate Corporation 19 25
Turfram 19 25
Magnalube D-4821 19 26
Magnalube D-5261 19 26
Magnalube D-801 19 26
Hi-T-Lube 19 25
Nedox 20 25
Canadizing 20 25
H, A. Henderson Company 21 27
Henderlube 402A 21 27
Henderlube 462A 21 27
Henderlube 413 21 27
Hohman Plating and Manufacturing, Inc. 23 29
Surfkote H108 23 30
Surfkote 359 23 30
Surfkote 360 23 30
Surfkote M-1284 23 30
Surfkote A-1625 23 30
Surfkote LO~1800 23 29
Surfkote M-2036 23 29
Surfkote M-2049 23 29
Surfkote A-2178A 24 29

AII-5



Page Nos.

Sections
Manufacturer and Lubricants AIIT ALV
Lubeco, Inc. 25 31
Lubeco 905 25 31
Lubeco 2123 25 31
Lubeco 2023 - 25
Lubeco 2023B 25
Lubeco M-390 31
Microseal Corporation 27 33
Microseal 100-1 27 33
Microseal 200-1 27 33
Microseal 300-1 27 33
Microseal 200-23 33
Midwest Research Institute 29 35
MEL-1 29 36
AFSL-28 29 36
AFSL-29 29 36
MLR-2 (50M60434) 29 35
MLF-5 (MSFC 502) 29 35
MLF-9 (MSFC 253) 29 35
MLR-66 29 35
National Process Industries 31 37
Vitro-Lube (NPI-1220) 31 38
NPI-14 31 37
NPI-~425 31 37
NPI-5 31 37
NPI-25-- (MRIONITE) 31 38
PoxyLube, Inc. 33 39
Poxylube 330 33 39
Poxylube 420 33 39
Poxylube 500 33 39
Poxylube 750 33 39
Product Technique, Inc. 35 41
Teclube PT-14 35 41
Teclube PT-17 35 41
Teclube PT-24 35 41
Teclube PT-26M 35 41
Molyspray PT-101 35 42
Teclube L-67 42
Sandstrom Products Company 37 43
Sandstrom 9A 37 43
Sandstrom 26A 37 43
Sandstrom Hi-T-650 37 43

AII-6



SOLID LUBRICANT CLASSIFICATION

Page Nos,
- Sections
Lubricant Name or Code AIITI ALV
I. Unbonded
DAG 154 1 1
VAC KOTE 21207 3 5
Cerac Powdered Materials 5
MoSy - Molykote Type Z
MoS, - Molykote Microsize
MoS, - Electro-Moly 14 18
Graphite - Electro-Graph 14 18
1I. Organic-Bonded Films
A. Air-Dry Films

Emralon 320 2 2
Emralon 321 2 2
Emralon 322 2 2
Emralon 327 2 2
Emralon 328 2 4
Emralon 329 2 4
Molylube AR 4 7
Dow Corning 3402 8 9
Dow Corning 1-3943 8 9
Dow Corning 1-3944 9
Molykote 321 7 10
Molykote 523 7 10
Molykote M-8800 7 10
Molykote M~-88 7 11
Lubri-Bond M 14 18
Lubri~Bond N 14 18
Lubri-Bond A 14 19
Lubri-Bond HT % 20
Fel-Pro C-300 17 23
Magnalube D-5261 - 19 26
Surfkote A-2178A 24 29
Surfkote 1625A 23 30
Polylube 420 33 39
Techlube PT-26M 35 41
Sandstrom 26A 37 43

ATI-~7



B, Heat-Cured Film

Page Nos,

Sections
Lubricant Name or Code AITI AIV
DAG 244 1 1
DAG 250 1 1
Emralon 317 2 2
Emralon 319 2 2
Molydag 254 1 3
.Emralon 310 1 3
Emralon 312 1 3
Emralon 315 2 3
Emralon 330 2 4
VAC KOTE 18,07 3 5
Molylube SR 4 7
Molylube N 4 7
Dow Corning 1-3910 9
Dow Corning 3400A 8 10
Molykote 106 7 11
Drilube No, 1 9 14
Lube-Lok 66C 13 17
Lube-~Lok ‘2406 13 17
Lube-Lok 4306 14 19
Lube-Lok 5396 14 19
Everlube 620 15 21
Everlube 626 15 21
Ecoalube 642 16 22
Fel-Pro C-200 17 23
Fel-Pro C-640 17 23
Fel-Pro C-651A 17 23
Magnalube D801 19 26
‘Henderlube 4024 21 27
Henderlube 413 21 27
- Surfkote M-2036 23 29
Surfkote M-2049 23 29
Surfkote A-2178A 24 29
Surfkote H-108 23 30
Surfkote 359 23 30
Surfkote M-1284 23 30
Lubeco M-390 31
. Microseal 100-1 27 33
MLR-2 29 35
MLR-66 29 35
NPI-1% - 31 37
NPI-425 31 37

AII-8



III.

Inorganic-Bonded

A,

B.

Silicates

Nonsilicates

Lubricant Name or Code

B. Heat-Cured Film (Concluded)

Polylube 500
Polylube 750
Techlube PT-14
Techlube PT-17

Techlube PT-26M

Sandstrom 9A

Molylube N
Molykote X-15
Drilube 867
Drilube 868
Drilube 869
Drilube 870
Drilube 805
Drilube 861
Lube-Lok 2306
Lube-Lok 2606
Everlube 811
MLF-5

NPI-5
Techlube L-67

Molykote 523
Molykote 321
Drilube 701
Inlox 44
Fel-Pro C-300
Lubeco 905

Microseal 200-1
Microseal 300-~1
Microseal 200-23

AII-9

Page Nos.

Sections
AIIT ATV
33 39
33 39
35 41
35 41
35 41
37 43
4 7
7 11
10 13
10 13
10 13
10 13
9 14
10 14
13 17
13 19
15 21
29 35
31 37
35 42
7 10
7 10
9 14
16 21
17 23
25 31
27 33
27 33
27 33



Page Nos,

Sections
Lubricant Name or Code ATII ALV
C. Hard Ceramics
AFSL~28 29 36
AFSL~-29 29 36
Vitro-Lube NPI-1220 31 38
Mrionite NPI-2500 31 38
IV. Special Application ?echniques
Hi~T-TLube 19 25
Tufram 19 25
Nedox 20 25
Canadizing 20 25
Microseal 100-1 27 33
Microseal 200-1 27 33
Microseal 300-1 27 33
Microseal 200-23 33
VAC KOTE 21207 3 5
MEL-1 29 36
Section
AV
V. Composites .
Bartemp 19
Duroid 5813 19
Duroid 4300 19
Molalloy PM 101 20
Molalloy PM 103 20
Molalloy PM 105 20
Salox M 20
Rulon A 19
Delrin 100 20
Delrin-AF 20
Zytel 20
Ryton (PPS) 20
SP-1 (Vespel) 21
SpP-21 21
Sp-22 21
Sp-211 21

ATI-10



V.

Composites (Concluded)

Lubricant Name or Code

SP-31

SP-5
Feurlon-CT
Feurlon-AW
Feurlon-~C
Meldin-PIL
Meldin-PI-30X
Meldin-PI-15Y

AIT -11

Page Nos.,
Section
AV

21
21
21
21
21
21
21
21



SPECIFICATION SOLID LUBRICANTS

Specification Lubricant Name or Code
MIL-M-7866 Powdered Molybdenum

’ Disulfide (MoS2)
MIL-G-6711 Graphite
MIL-1-8937 Molylube SR

MIL-L-23398

MIL-L-46010

MIL~-L-81329

NASA-1367
NASA-A-D-66A
05-10626-A
(USN/BW)
MSFC 502

MSFC 253
NASA 50M60434

MIL-1-46147

Molykote 106
Drilube 1A
Lube-Lok 5396
Fel-Pro C640
Henderlube 402A
Surfkote M1284
Microseal 200-1
NPI-14

Poxylube 500
Everlube 620
Dow Corning 3402
Lubri-Bond A
Surfkote A-1625
Ecoalube 642
Fel-Pro €-651
Henderlube 413
Surfkote M-2049
Sandstrom 9A
Molylube N
Molykote X=-15
Everlube 811
Lube-Lok 2306
Lube-Lok 2306
TLube-Lok 4306

Microseal 100-1
MLF-5

NPI-5

MLF-9

MIR-2

NPI~-425
Sandstrom 26A

AII-12

Manufacturer or Suppliers

Climax

Dow Corning Corporation
Electrofilm, Inc.
Product Techniques, Inc,
Electrofilm, Inc.

Dixon

"Bel-Ray Company, Inc.

Dow Corning Corporation
Drilube Company
Electrofilm, Inc.

Fel-Pro, Inc.

H. A, Henderson Company
Hohman Plating, Inc.
Microseal Corporation
National Process Industries
Poxylube, Inc.

Everlube Corporation

Dow Corning Corporation
Electrofilm, Inc.

Homman Plating & Manufacturing,
Everlube Corporation
Fel-Pro, Inc,

H. A. Henderson Company
Hobman Plating & Manufacturing,
Sandstrom Products Company
Bel-Ray Company, Inc.

Dow Corning Corporation
Everlube Corporation
Electrofilm, Inc,
Electrofilm, Inc.
Elecctrofilm, Inc.

Microscal Corporation

Midwest Research Institute
National Process Industries
Midwest Research Institute
Midwest Research Institute
National Process Industries
Sandstrom Products Company

Inc.

Inc.
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ACHESON COLLOIDS COMPANY

MANUFACTURER'S
DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATIBILITY
10X, FUEL, EIC.

NOTES

paG”? 154

DAGD 244

pac? 250

MOLYDAG® 254

EMRALON® 310

EMRALON® 311

EMRALON® 312

Colioiaal graph-
ite, isopropyl
alcohol

MoS,; additives,
resin binder

MoSy graphite,
phenolic resin

MoS,/lube pig-
ments, thermoset
resin

PTFE. coating
phenolic resin

PIFE coating
phenolic resin

PTIFE coating
acrylic resin

Electrically conductive-
printed circuits, static
bleeds, etc. Lube for
business machines, gaskets,
mechanisms, rubber com-
ponents, etc.

Dry film for sliding sur-
faces, aircraft fasteners,
brake screw assemblies,
vending machine components,
Good corrosion re-
sistance mects load and
endurance requirements MIL-
L-8937.

ete,

Corrosion resistance and
moderate load capacity.

Bearing surfaces, sliding,
rubbing or turning. Meets
load and endurance require-
ments of MIL-L-8937.

Dry £ilm lubricant for matc-
rial requiring low tempera-
Has good ad-
hesion, corrosion resist-
ance, and rclease proper=
ties,

ture cure.

Dry film for food handling
and processing equipment.
Properties similar to
EMRALONY 310.

Dry film has low friction,
good adhesion and releasc.
May be usced on most mate-
rials including flexible
substrates, "O"-rings,
seals, ctc.

Not LOX or
rocket fuels.
Limited fluids
and solvents,

Not LOX or

rocket fuels,
but some fluidg
and solvents.

Not LOX or
rocket fuels,

Not LOX or
rocket fuels,
but many hy-
drocarbon
fluids and
solvents.

Not LOX or
rocket fuels,
Moderate re-
sistance to
chemicals and
solvents,

Sce EMRALON®
310.

Moderate re-
sistance to
chemicals,
solvents, and
gasoline.

Liquid, 20% solids,
density; 888 kg/m3 (7.5
1b/gal), diluent, alco-
hol, esters, and
ketones.,

Thick fluid; density,
1,284 kg/m3(10.7 1b/
gal), diluent; methanol,
ethanol or butanol, but
ACHESON extender is re-
commended, Cure at
149°C (300°F) for 1.0
hr.

Liquid; 42% solid,
density = 1,092 kg/m3
(9.1 1b/gal), cure
temperature 149°C
(300°F), 1 hr.

Good wear-life and cor-
rosion properties,
Service temperature
135°C (275°F), maximum
149°C (300°F), 55%
solid. Density; 1,296
kg/m3 (10.8 1b/gal);
friction coefficients
123,

Liquid density; 984 kg/
w3 (8.2 1b/gal). Cure
at 149°C (300°F), 1.0
hr., service temperaturg
177°C (350°F), maximum
204°C (400°F).

Same as EMRALONY 310.

Liquid density; 1,068
kg/m3 (8.9 1b/gal),
Cure at 149°C (300°F),
30 min, Service tem-
perature 149°C (360°F),
maximum 177°C (350°F).
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ACHESON COLLOIDS GOMPANY

MANUFACTURER'S CHEMICAL COMPATIBILITY

DESIGNATION COMPOSITION SUGGESTED USES LOX, FUEL, ETC, NOTES

EMRALONY 315 PTFE coating Dry film for uses requiring|Resist most Liquid density; 984 kg/
lepoxy resin improved corrosion and solvents, m3 (8.2 1b/gal). Cure

chemical resistance. Good |organic and in-|at 177°C (350°F) 1.0 hr.

adhesion and heat stable. organic. Service temperature
177°C (350°F), maximum
204°C (400°F).

RMRALON® 317 PTFE coating Dry film has low frictiom, - Liquid density; 864 kg/
bolyurethane good adhesion and corrosion m3 (7.2 1b/gal)., Air-
resin resistance:. Easily applied dry in.5 to 6 hr., May

to most materials, wood, be cured at 93°C (200°F)
glass, plastic, rubber, in 30 min. Service tem~
etc. perature 121°C (250°F),
: maximum 149°C (300°F).
EMRALON® 319 PTFE coating, Low friction film having May be used Static friction 0,05 to

EMRALON® 320

EMRALON® 321

EMRALON® 327

EMRALON® 328
EMRALON® 329

MRALON® 330

silicone resin

PTFE coating,
thermoplastic
resin

PTFE coating,
thermoplastic
resin

PTFE coating,
thermoplastic
resin

PTFE coating,
thermoplastic
resin

PTFE coating,
thermoplastic
resin

PTFE coating,
resin bond

high heat resistance and

good release properties.

Applied to materials such
as metal and glass,

Air-dry film for hecat sensi-

tive materials, Llight load
mechanisms,

Air-dry film, properties

similar to EMRALON™ 320 but
developed for food process-
ing and handling equipment,

Film has low friction and
good rclease properties,
casily applied to most
materials, metals, wood,
glass and plastics.

Propertics and use similar
to EMRALONY 327,

Properties and use similar

‘to ‘EMRALON? 328.

Excellent adhesion, low
friction, resistant to
corrosion, abrasion, flex
and ‘impact., Applied to
metals, wood, rubber and
some plastics; on sliding,
rubbing or turning sur-
faces,

with JP-4, di-
ester fluids
and motor oils
Not organic
solvents,
ketone, ete,

Moderate re-
sistance to
some inorganic
corrosive,

Not to organic
solvents,

Same as
EMRALON™ 320,

Similar to
EMRALON™ 320
and 321,

See EMRALONY

327.

Sce EMRALONY
320 and 327

0.67, density 1,020 kg/
m3 (8.5 1b/gal) cure,
204°C (400°F), 30 mm.
Service temperature
204°C (400°F), maximum
232°C (450°F).

Static friction 0.05 to
0.07 density, 948 kg/m3
(7.9 1b/gal). Air-dry
2 hr. Service tempera-
ture 82°C (180°F);
maximum 116°C (240°F).

Same as ]-MRALON® 320.

Static friction, 0.06 td
0.09. Air-dry 2,0 hr.
Service temperature
82°C (180°F), maximum
116°C (240°F)., 1In
acrosol container.

Samc as EMRALON® 327
but in bulk liquid,
shelf life 6 months.,

Similar to EMRALONY 328,

Friction, 0.07 to 0.05,
cure at 177°C (300°F),
1.0 hr, Service tem-
perature 135°C (275°F),
maximum 177°C (300°F).
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BALL BROTHERS RESEARCH CORPORATION

MANUFACTURER'S

DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

| COMPATIBILITY

LOX, FUEL, ETC,

NOTES

VAC KOTE
BPS 18,07

VAC KOTE
21207

organic binder,
xylene/alcohol

process

MoS; lube solids,

MoS9 and propri-
etary application

Sliding surfaces, low and

high loads, low to high tem=

perature, air to hand
vacuum, space enviromment,
Low corrosion resistance,

Ball bearings, ball bushings,

Instrument gears, high
loads, hard vacuum, space
enviromment, Corrosion
protection properties are
not good,

Not LOX or

rocket fuels,
Compatible with
jet fuel, hy-
drocarbons, and
solvents.,

Not LOX or
rocket fuels.
Compatible witH
jet fuels, hy-
drocarbons and
solvents,

Cure, 149°C (300°F), 1.0
hr. Friction coefficient,
0.04 to 0,20, Usable
temperature range, low,
-184°C (-300°F) to high,
288°C (550°F). Rated
satisfactory for vacuum
outgassing per MSFC -
50M02442,

No cure cycle needed.
Friction coefficient,
0.03 to 0,20, Usable
temperature range; air,
low ~268°C (~-450°F) to
high 149°C (300°F); in
vacuum, =-268°C (-450°F)
to 371°C (700°F). Rated|
satisfactoty for vacuum
outgassing per MSFC ~
50M02442,
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BEL-RAY COMPANY, INC. - '"MOLYLUBE"

MANUFACTURER'S
DESIGNATION

CHEMICAL
CGMPOSITION

SUGGESTED USES

COMPATIBILITY

LOX, FUEL, ETC.

NOTES

MOLYLUBE® AR

MOLYLUBE® SR

MOLYLURE® N

MOLYLUBE®
Spraycote

MoS, microfine,
resin bond

MoSy microfine,
and resin bond

MoS2 inorganic-
organic resin
bond

MoS; blended
solvents and
bonding agent

General purpose dry film for
high loads or speed, maching
tools, sleeve bearing,
threaded connections, Will
reduce fretting, galling
and seizing. May be used
on most materials,

Long~life dry film for ex~
cellent antigalling and
seizing properties when ex-
posed to high bearing loads
For slid-
ing and rolling surfaces,
Provides corrosion resist-
ance.

and temperature,

Dry film for extreme tem-
perature and LOX applica-
tions, Has good adhesion
and may be used on ball

joints, rod end actuators,
cte., For vacuum usec also.

For excellent lubricity,
extreme pressure and rust
protection. To prevent
galling and seizing on rollj
ing and sliding surfaces.
Machine tools, machinery,
mechanisms, ctc,

Resists most
solvents, hy-
drogen fluids,
fuels, and
liquid oxygen.

Not LOX or
rocket fuels,
Has chemical
resistance to
oils, greases,
some solvents,
acids and
alkalis.

LOX insensi-
tive may be

used with most
chemicals, and
solvents.

Not for LOX
or oxygen.

Air-dry film, cure tem-
perature, 6.0 hr,;
usable temperature range
-73°C to 399°C (-100°F
to +750°F).

Heat cured film; cure
177°C (350°F), 30 min,;
brush, spray or dip.
May be applied without
surface pretreatment.
Usable temperature
range -73°C to 399°C
(-100°F to +750°F).

Heat cure; 83°C (180°F),
2.0hr, Higher heat cycle
improves filmhardness;
usable temperature range,
~184°C to 760°C (-300°F to
+1400°F) . Meets MIL-L-
81329 requirements,

May be applied by
aerosol can, brush, dip
or spray; rapid air-
dry.
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GERAGC, INC,

SILICONE SPRAY

FLUOROCARBON SPRAY

Silicone and

nontoxic carricr

binder

Fluorocarbon
spray and
volatile carrier

Release agent and lubricant,
for sliding surfaces, repcls
Imoisture and prevents cor-
rosion. May be used in food
processing equipment (Ap-
proved by USFDA).

May be applied to almost
any material for sliding
surface contact or .as re~
lease agent. Good bond
strength and long-wearing
£ilm,

Not compatiblel
with LOX or
rocket fuels,
Insoluble in
organic sol-
vents, acids,
oils and
water,

MANUFACTURER'S CHEMICAL COMPATIBILITY
DESIGNATION COMPOSITION SUGGESTED USES LoX, FUEL, ETC, NOTES
BORON NITRIDE BN - - “CERAC" family of dry
CHRGMIUM SULFIDE | CrzS3 - - lubricant powders con-
CHROMIUM SELENIDE| CrpSej - - sist of noncarbon, low
CHROMIUM TELLURIDE CraTe3 - - friction compound; same
as listed, Particle
HAFNIWM SULFIDE | HES, - - size of powders 5 x 10-6
HAFNIWM SELENIDE | HfSes - - m. (5.0 p). Powders may
HAFNIUM TELLURIDE| HfTe, - - be hot-pressed, combined
MOLYBDENUM _ w::.th oils, solid.matrix
SULFIDE MoS, Locks, gears, pistons, cams. with other materials,
MOLYBDENUM flame S[‘;rayed, and com-
SEIENIDE MoSe, ~ . blIIEd'Wlth resins. Mos.t
MOLYBDENUM materials can be used in
TELLURIDE MoTe, N = vacuum and high tempera-
ture.
NIOBIUM SULFIDE NbSy - -
NIOBIUM SELENIDE | NbSep Elect. contacts, motor -
brushes.
NIOBIUM TELLURIDE | NbTepy C - - Also available in
aerosol container with
TANTALUM SULFIDE | TaSp Precision instruments, - proprietary binder-
TANTALUM SELENIDE | TaSey - - carrier.
TANTALUM TELLURID}T TaTey - -
TITANIUM SULFIDE | TiSp - -
TITANIUM SELENIDE | TiSejp - -
TITANIUM TELLURIDH TiTejp Vacuum elect. contacts. -
TUNGSTEN SULFIDE | WS, Screws and moving parts at -
temp.
TUNGSTEN SELENIDE | WSej Vacuum switches, valves, -
bearing.
TUNGSTEN TELLURIDH WTe) - -
VANADIUM SULFIDE | VS, - -
VANADIUM SELENIDE| VSep - -
VANADIUM TELLURIDH VTejp - -
ZIRCONIUM SULFIDE | ZrS, - -
ZIRCONIUM SELENIDH ZrSej - -
ZIRCONIUM
TELLURIDE ZrTey - -

Odorless, heat stable at
=40°C to 227°C (-40°F to
440°F), In acrosol can.
Fast drying, ]

Nonstaining, odorless
and heat~-stable at -40°C
to 260°C (-40°F to
500°F), In acrosol con-
tainers,

AITI-5




CERAC, INC.

MANUFACTURER'S CHEMICAL COMPATIBILITY
DESIGNATION * COMPOSITION SUGGESTED USES LOX, FUEL, ETC, NOTES
CERAC SP-111

MoSz, inorganic
binder (propri-
tary)

Machinery and equipment

maintenance, gears, cams,
threads, bearings, universall
May be used
for metal working dies, and

joints, etc.

as mold release,

Not LOX or fuel
compatible,
Resist most
chemicals.

Rapid dry, nonflammable,
nontoxic, nonconductive.
Temperature range, -149°C
to 399°C (-300°F to
750°F) .
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DOW CORNING CORPORATION

MANUFACTURER'S
DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATTBILITY
LOX, FUEL, ETC,

NOTES

MOLYROTE® 106
(MIL-1-8937)

MoLykoTE® x-15
(MIL~-L-81329)

MOLYKOTE® M-88

MOLYKOTE®D
Spraykote

MOLYKOTE® 321

MOLYKOTE? 523

MOLYKOTE® M-8800

MoSy - solid lube

blend, thermo-
setting resin

MoSy, graphite
and sodium
silicate

MoSy and lube
blend,

dry resin binder

MoSo (microsize),

organic binder’

MoSy and blended
solid lubricants,

and inorganic
binder

Modified TFE and

fast dry in-
organic binder

Mo8, graphite and

organic resin

fast air-

Prevent fretting, galling
and seizing under high loads,
low speed and temperature

extremes. Use in dirty or
abrasive environments, where
mating surfaces are inacces
sible to relubricate. For
wear-in of new or rebuilt

equipment. Good wear-life.

Prevent galling in high
vacuum, For use on sliding
surfaces; rolling and
oscillating ball and plain
bearing for radial and
thrust load.

Low friction and wear under
high loads. Used on:
office machinery, vending
machines, chains, pivot
pins, switches, hinges, ctc.

Low friction and moderate
adhesion. Resist high
pressurc, Prevents galling
and seizing, wear-in damage,
Good in dirty or abrasive
atmosphere, Moderate cor-
rosion protcction,

Prevent galling, seizing
and fretting for, cutting
tools, machinery pin,
levers, splines and thrcaded
parts.
as X~15, good as aluminum
lube,

Similar properties

Sliding surfaces, mctal
forming, and a rclease

agent. Good adhesion and
low friction. Chemically
inert, For low loads,

High loads and extreme tem-
perature, Reduce fretting,
galling, cte, For dirty
and abrasive environments.
For wear-in of equipment,
and where parts are not
easily lubricated. Has
good chemical resistance
and endurance life ap-
proachs heat cured films.

Not LOX or
rocket fuels,
Resists most
hydrocarbon
fluids, hy-
draulic fluid,
engine oils
and jet fuels.

Compatibility
with LOX;
N,0; and UDMH.

Not LOX, fuels
or solvents,

Not LOX, fuels
or solvents,
Compatible
with some lube
fluids,

Compatibility
with VDMI, LOX
(Batch Test
Required), most
fuels and
solvents.

Not LOX or
rocket fuels.
Resist most
chemicals and
solvents,

Not LOX or
rocket fuels,

Heat cured; 149°C(300°F),
Usable tempera-
ture range -198°C to
232°C (~325°F to 450°F).
Storage stability, 2

1.0 hr,

years,

Air-dry 24 hr.

cure, 2 hr, at 82°C
(180°F) and 2 hr, at

149°C (300°F).
radiation,

months,

Rapid air-dry film,
Usable temperature
-198°C to 232°C (-325°F
Storage
stability, 1,0 year,

to 450°F).

Wide temperature range
-73°C to 399°C (~-100°F
Good storage|
Available in
aerosol container,

to 750°F).
stability.

Air-dry film, good
chemical stability.
Usable temperature range

-198°C to 649°C
to 1200°F),

Air-dry, 5 min,

temperature ~198°C to
260°C (~325°F to 500°F).

Alr-dry film, cured at
room temperature, 4 hr.

or 250°F,

Usable temperature rangd

~198°C to 232°C
to 450°F),

(aerosol can).

Usable tem-
perature range -198°C to
649°C (~325°F to 1200 °F),
Storage stability, 6

Storage
stability, 6 months.

5 min.

Storage
stability; 2 years
(bulk) or 1.0 yecar

Heat

Resist

(-325°F

Usable

(~325°F
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DOW CORNING CORPORATION

HMANUFPACTURER' S
DESTGONATION

SHEMICAL
CMPOSITION

SUGGESTED USES

COMPATIHTLLTY
LOX, FUEL, ETC,

NOTES

MOLYKOTE™ 273

DOW CORNING™
3400A (MIL-L~
46010A)
(RIA-PD-42)

DOW CORNING
3402
(MIL-L-233988B)
(RIA-PD-703)
(RIA-PD-42)
(MIL-L-40147)

DOW CORNING-
1-3943
(AFSL-41)

MoSy; and thermo-
sct resin

Blended lube
solids and addi-~
tives, thermoset
resin

Blended lube
solids and addi-
tives, orsanic
resin

MoSy and blended
solid 1uhes, and
air-cure siliconc
resin

Properties and usage are

similar to MOLYKOTE™ 106,
Hlas good adhesion and
chemical resistance,

tains no graphite,

J

J

Con-

For bearing surfaces and
similar applications., Fx-
treme pressure solid [ilm
for bearing surfaces and
has very goad corrosion
resistance,
during wear-in,

High friction

Propertics and usage arc
similar to MOLYKOTE = 106.
This film is considered an
afr-drying alternative for
MOLYKOTE * 106 and DOW
CORNING” 3400A. Extreme
pressure lubricant, has
good corrosion protection.

Specially formulated as an
antifretting lube for
titanium. Bascd on Air
Force Lahoratory develop-
menitzs,

See MOLYXOTE™
106,

Not LOX or .
rocket funls,
Satisflactory
with synthelic
and petrolem
hydraulic
fluids, sol-
vents, clean-
ing fluids,
jot fuel,
gasoline,
oils, ctc,

lube

See MOLYKOTE
06 and DOW
CORNING ©
34604

Not 10X or
rocket fued,
nor most
fluids, chami-

cal solvents,

licat cure, 149°C (300°D)
1.0 hr. Usahle
ture range -226"C to
232°C (=375°F to 450°F)
Storage stability, 1
year,

remoeta -

Heat cure , 204°C (400°F)
1.0 hr, Usable temperad
ture range, -198°C L~
482°C (~325°F te 90DF),
Storage stbility, 1
year.

Air-dry in 20 wmin, {(for
touch), maximum hardness
in 24 hr., 7Usable tem~
perature range, -1947.
to 316°C (~225°T to
A00°F).

Alr-dry 75 hy.
temperature range, }
~198°C to 427°C (~325°"
to 800°F).

Urah Lo
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DRILUBE COMPANY

MANUFACTURER'S CHEMICAL COMPATIBILITY

DESTGNATION COMPOSITION SUGGESTED USES LOX, FUEL, ETC. NOTES

DRILUBE 1A MoS;, graphite High pressure and moderate )| Not LOX or Heat cure: 204°C

(MIL-1-8937) and phenolic elevated temperatures, For N204 or N2H4. (400°F) for 20 min,.

resin sliding and rolling sur- Resists water,| Spray application recom-

faces; used in airc¢raft, solvents and mended, DRILUBE 1B
automotive, electronic and | hydrocarbons. is similar but does not
other manufacturing., Tem- meet MIL~SPEC,
peraturc range -184°C
(~300°F) to 260°C (500°F)
(air), 343°C (650°F)
(vacuum) .

DRILUBE 90 Low cost, corrosion in- Not LOX or Heat cure: 204°C

DRILUBE 207
(A, B & C)

DRILUBE 701

(702)

DRILUBE 805

DRILUBE 831

MoS, , SrCrOa and
alkyd-epoxy
resin

Graphite and
epoxy blend
resin

MoSy, SrCrO; and

phosphoric binder

MoS, and ceramic
binder

Teflon and
fluorinated hy-
drocarbon
(evaporated)

hibited dry film for medium
duty. Principally for
sliding surfaces, Can be
applied to most metals.
Maximum temperature 260°C
(500°F) (air).

General usage film lube for
conductive surfaces, slid-
ing or rolling., Fair wear-
life; temperature range
-184°C (-300°F) to 260°C
(500°F) (air), 316°C
(600°F) (vacuum).

Very smooth dry film and
good adhesion properties,

Has good antigalling proper

ties over wide temperature
range -240°C (-400°F) to
371°C (700°F) (air), 649°C
(1200°F) (vacuum). Wear-
life is poor to moderate.

High load capacity film
lube for sliding or rolling
contact., Withstands high
temperature 371°C (+700°F)
(air), 649°C (1200°F)
(vacuum) ., Moderate mois~
ture and solvent resist-
ant.,

Excellent lubricity and
good wear-life for sliding
surfaces at room tempera-
Also good as.
sealant. Maximum tempera-
ture 232°C (450°F).

ture,

N,0, or NyH,.
Resists water,
solvents and

hydrocarbons,

Not LOX or
N204 or NZHA'
Resists water,
and some
solvents,

LOX compatible,
Not Np0 or
N2H4. Resists
water and most
solvents,

LOX compatible,
Not N,0, or
N, H,.

Compatible -
MM,N%M,
NyH;, and UDMH.
Resists water
and solvents.

(400°F) for 30 min,
Dip or spray applica-
Indefinite

tion.
storage.

Moderate storage life;
spray application.
2074, 191°C
(375°F), 1.0 hr,; 207B,

cure:

121°C (250°F),

207C, catalyst cure.

Heat cure:

tion., 702, brush ap-
plication, Toxic
fumes.

Heat cure: 2 hr. at

82°C (180°F), &4 hr. at

204°C (400°F),

application recommended,
Is not compatible with

graphite film.

Air-dry; dip or spray
Mildly
toxic wvapors above

application.

260°C (500°F).
storage life,

available in aerosol
containers as DRILUBE

842,

204°C
(400°F), 1.0 hr, 701,
spray or dip applica-

Heat

1.0 hr.;

Spray

Good
Also
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DRILUBE COMPANY

MANUFACTURER' S
DESIGNATION

CHEMICAL
COMPOSTTION

SUGGESTED USES

COMPATIBLLITY
LOX, FUEL, ETC,

NOTES

DRILUBE 861

DRILUBE 867

DRILUBE 868

DRILUBE 869

DRILUBE 870

WSy and ceramic
binder

MoSep and
ceramic binder

MoTey and
ceramic binder

WSey and ceramic
binder

Wley and ceramic
binder

High cost dry-£film lube
with good high temperature
wear~-lifce but poor wear-
life at room temperature.
Can be used in vacuum,
Maximum temperature 399°C
(750°F) (air), 760°C
(1400°F) (vacuum),

Very expensive dry-film lubg
for extreme temperature and
high vacuum, Temperature
ranges: (air) 427°C (800°F
continuous, short timc to
649°C (1200°F); (vacuum)
816°C (1500°F) continuous,
short time, 1093°C (2000°F)
Cryogenic use also.

Very cxpensive dry-film
lube has similar mechani-
cal and physical properties
to DRILUBE 867.

Very expensive dry-film
lube for cryogenic and high
temperaturce applications,
also usable in vacuum.

Similar in propertics and
usage to DRILUBE 869.

LOX compatible,
Not N204 or
NZH .
sistance to
water and
solvents.

Same as
DRILUBE 861,

Same as
DRILUBE 861.

Same as
DRILUBE 861.

Same as
DRILUBE 861,

Heat cured:
air; 2 hr., 82°C (180°F)
Fair req4 and 4 hr., 204°C (400°F)
Spray application.

Same as DRILUBE 861.

Same as

6-month storage life.

Same as
6-month

Same as
6-month

1.0 hr, in

DRILUBE 861;

DRILUBE 861;
storage life,

DRILUBE 861;
storage life.
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DRI-SLIDE, INC.

MANUFACTURER'S CHEMICAL COMPATIBILITY
DESIGNATION COMPOSTITION SUGGESTED USES LOX, FUEL, EIC, NOTES
DRI—SLIDE® MoSy powder, Lubricant under adverse con-{Resist most DRI-SLIDE® provides con-

0.50 x 106 m,
(0.50 n), light
hydrocarbon
petroleum liquid.
Anticorrosive
additives,

ditions; dust, water, dirt
and alkalis, General pur-
pose; elect, equipment,
small mechanisms, office
machinery, vending machine,
machine tools, automotive,
etc. May be used to im-
pregnate laminated bushings
and slide pads, rub strips.

acids, alkalis,
water. Com-
patible with
greases and
oils.

siderable rust or cor-
rosion protection., Tem-
perature range, ~46°C to
399°C (-50°F to +750°F).
Should not be applied at
more than 52°C (125°F)

(flash point of carrier
71°C (160°F)). Nontoxic
and dust free,
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ELECTROFIIM CORPORATION

MANUFACTURER'S
DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATIBILITY
10X, FUEL, ETC,

NOTES

LUBE~LOK 66-C

LUBE-LOK 1000

LUBE-LOK 2006

LUBE-LOK 2109
- (MIL-L-46010)

LUBE-LOK 2306
(NASA 1367)

LUBE-LOK 2396

(MIL-L-81329)

LUBE-1OK 2406

LUBE-LOK 2606

MoS, - graphite,
corrosion in-
hibitors in
thermoset resin

Graphite-~lead
oxide, ceramic
binder

MoSyp-graphite
in silicone-

formaldehyde

resin

MoSy-1lead
thermoset resin

MoSy, and
inorganic binder

MoSZ-graphite in
inorganic binder

Graphite and in-
organic binder

WSy and in-
organic binder

General purpose light to
heavy duty lube for fret-
ting and sliding surfaces.
Dry film for corrosive
environments where low
friction is needed.

Heavy duty film for fret-
ting and sliding metal sur-
faces operating at high
temperatures,

Wide temperature range
solid film for sliding and
fretting surfaces; cams,
threaded connections,
plain or spherical bear-
ings,

Solid film for sliding
motion, plain and spheri-
cal bearings; hinges, cams
and threaded applications.
High load carrying capac-
ity.

Solid film for high vacuum
ball and roller bearings,
spherical bearings and
sliding applications.

Solid film for rolling
clement bearings.

Wide temperature range
solid film. For use where
compatibility with NyOy,
N,H, and aerozem are re-
quired,

Solid film for temperatures
exceeding normal require-
ments of MoS; or where MoS,
cannot be used,

Not 10X or
rocket fuels,
Satisfactory
with most hy-
drocarbon
fuels, oils
and solvents,

LOX and hy-
drocarbon
fuels, oils
and solvents.
Limited use
with jet
fuels,

Not LOX or
rocket fuels,
OK with most
hydrocarbon
fuels, oils
and solvents,

Not LOX or
rockets, OK
with most hy-
drocarbon
fuels, oils
and solvents,

LOX and hy-
drocarbon
fuels and
oils, Limited|
solvent use.

OK with 10X,
rocket fuels,
hydrocarbon
fuels, and
oils, Limited
use with
solvents,

OK with LOX,
rocket fuels,
hydrocarbon
fuels and
oils, Limited
solvent use,

OK with LOX,
rocket fuels,
hydrocarbon
fuels and
oils,

Cure at 191°C (375°F)
1.0 hr, Usable tem~
perature range, -184°C
to 371°C (~300°F to
700°F),

Cure at 538°C (1000°F)
for 15 min. Usable tem-
perature, -184°C to
1093°C (~300°F to
2000°F) .

Cure at 260°C (500°F)
2.0 hr., TUsable tem~-
perature range, ~184°C
to 454°C (~300°F to
850°F).

Cure at 149°C (300°F)
2.0 hr, Usable tem~-
perature range, ~251°C
to 316°C (-420°F to
600°F),

Cure 82°C (180°F), 2.0
hr. plus 204°C (400°F),
2,0 hr, TUsable tem-
perature range, -251°C
to 427°C (-420°F to
800°F) .
Cure at 82°C (180°F),
2.0 hr. plus 204°C
(400°F) 2.0 hr, Usable
temperature range,
~251°C to 459°C (-420°F
to 850°F).

Same cure cycle and
usable temperature
range as LUBE-LOK 2396,

Cure at 82°C (180°F),
2.0 hr, plus 204°C
(400°F) 2.0 hr, Usable
temperature range,
-184°C to 510°C (-300°F
to 950°F).
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ELECTROFILM CORPORATION

MANUFACTURER' S

CHEMICAL COMPATIBILITY
DESIGNATION COMPOSITION SUGGESTED USES LOX, FUEL, ETC. NOTES
LUBE-LOK 5306 MoS7 and Low coefficient of friction | Not LOX or Cure at 149°C (300°F)

LUBE-1OK 5396

LUBRI-BOND A
(MIL-L-23398)

LUBRI~-BOND J
(MIL-G-26548)

LUBRI-BOND M

LUBRI-BOND N
(WS 9004)

ELECTRO-MOLY
GRADE I
(MIL-M-7866)
ELECTRO~-GRAPH
(MIL-G-6711)

LUBRI-BOND HT
(AFSL-41)

LUBE-LOK 2696

LUBE~LOK 4396

thermoset resin

MoSy - graphite
thermoset resin

MoSy ~ graphite
phenolic resin

Graphite
phenolic resin

MoSp -and
Freon carrier

NbSe, and
phenolic resin

MoSy powder

Graphite powder

MOSZ-Sb203

silicone binder

WS,-graphite and

inorganic bindex

MoSz—grapEitc and
phenolic binder

solid film with excellent
load and endurance proper-
ties.

Same as LUBE-LOK 5306 but
contains graphite,

General purpose solid film
may be used for production,
touch~up, and field repair.,

General purpose solid f£ilm
for film touch-up where
MoSj cannot be used or
where electrical conductiv-
ity is required.

Touch-up film where graphitd
and resin cannot be usecd,

Mold rcleasc and cold head-
ing applications. ’

Solid film where extremely
high electrical conductiv-
ity is required, Medium
load carrying capacity.

High purity small particle
size MoSpa '

High purity small particle
size graphite,

High temperature film de-
veloped for rubbing sur-
faces; antifretting, anti-
galling and antiseize.
Primarily for use on tita-
nium, Based on Air Force
Laberatory development.

Solid film for temperaturcs
excecding normal require-
ments of MoS; and strong
oxidizing atmospheres,

Solid film for highly
loaded, high speed use.
Compatible with dissimilar
metals,

rocket fuels.
OK with most
hydrocarbon
fluids,

See LUBE-LOK
5306,

Compatible wit}
hydroecarbon
fluids.

Compatible
with hydro-
carbon fluids.

10X and rocket
fuels, hydro-
carbon fluids,

Compatible
with hydro-
carbon fluids,

LOX and rocket
fucls, hydro-
carbon fluids.

LOX and rocket
fucls, hydro-
carhon fluids,

Compatible
with most hy-
drocarbon
fluids and
solvents,

Samc as LUBE-
LOK 2606

Not LOX or
rocket fuels,
OK with most
hydrocarbon
fluids,

1.0 hr, Usable tempera-
ture range -184°C to
316°C (-300°F to 600°F).

Same as LUBE-LOK 5306.

Air-dry; available in
bulk or aerosol con-
tainers, Usable tem-
perature range, -184°C
to 316°C (~300°F to
600°F).

Air-dry; available in
bulk or aerosol con-
tainers, Usable tem-
perature range, -129°C
to 316°C (~200°F to
600°F).

Usable tem~
range, -73°C
(~100°F to

Air-dry.
perature
to 371°C
700°F).

Usable tem-
range, -73°C
(-100°F to

Air-dry.
perature
to 371°C
700°F).

Usable temperature
range, -196°C to 371°C
(~320°F to 700°F).

Usable temperature
range, =-196°C to 1093°C
(-320°F to 2000°F).
Air-dry, 72 hr., Usabld
temperature range,
-196°C to 399°C (-320°F
to 750°F).

Same as LUBE-LOK 2606,

Cure at 191°C (375°F)
1.5 hr, Usable tem-
peraturce range, 184°C
to 316°C (~300°F to
600°F) .
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EVERLUBE CORPORATION

MANUFACTURER'S
DES LUNATION

CHEMICAL
COMPOSTTION

SUGCESTEPR USES

COMPATIBLLITY
LOX, FUEL, ETC.

 NOTES

EVERLUBE

620 & 620A
(MIL-L-8937)
{MIL-L-25504)
(MIL-L-22273)

EVERLUBE 626

EVERLUBE
810 & 810M

EVERLUBE 811
(MIL~L-81329)

EVERLUBE 812
(MIL-L-81329)

EVERLUBE 823

MoS9 and modified
phenolic
6204 also con-

taius a buifercd

resin,

corrosion resis-
tant agent.

MoS» and modified
phenolic resin

MoSy-graphite
and soft metals
in a silicone
resin

MoS y-graphite,
sodium silicate

MoS»2 and sodium
silicate

Graphite and
sodium sgilicate

Dry film tda§educe wear, @
prevent galling and nrovide
antiseize propesties. Good
tor extreme loads and high
tempeérature. M

Film to reduce wear, pre-
vent galling and provide
antiseizing properties.
Also a hard coating that is
corrosion and abrasion
resistant.

Reduce wear and prevent
galling and seizure of
metals at high temperature.
For use on corrosion-resis-
tant and high temperature
alloy metals. B81lOM is
modified for extended wear-
life in bearing applica-
tions.

Extreme pressure and tem-
perature film. Lube to
reduce wear and galling.
Recommended for use in dry
applications. ‘Good vacuum
and radiation properties.

Graphite free {ilm with
properties similar to
EVERLUBE 811.

Solid film containing no
MoS9, properties similar to
811 and 812, but is not as
good a lubricant as films
with MoS2. Recommended for
possible exposure to UDMH,
N704, IRFNA, NoHy (hydra-
zine and aerozene fuels),
not for extended endurance
life.

Compatible
with hydro-
carbon fluids.

‘a

Not for LOX,
hard wvacuum,
or radiation,
OK for most
hydrocarbon
fluids,

Not for LOX,
hard vacuum,
high radiation
or stroug oxi-
dizers. O.K.
for most
hydrocarbon,
chemical,
gases, etc.

Compatible
with LOX,
N»O4, IRFNA,
strong oxi-
dizers, etc.
O 1. with
most fluids.

Not for strong
oxidizers,
N»20g4, IRFNA
etc.

Not for 10X,
but satisfac-
tory with most
fluids.

Cure at 191°C (375°F)
for 1.0 hr. 6204 cures
121°C (250°F) in 2.0 hr.
Usable temperature
range ~221°C (~365°F)
to 260°C (500°F) for
dynamic load. To
343°C (650°F) dynamic.

Cure 149°C (300°F) for
1.0 hr. Usable temper-
ature range -221°C to

260°C (-365°F to 500°F).

Cure at 288°C (550°F)
for 1.0 hr. Recommended
temperature range 316°C
to 538°C (600°F to
1000°F), also stable
down to -54°C (~65°F).

Cure at 66°C (150°F)
for 2.0 hr plus 204°C
(400°F) for 2.0 hr, may
be reduced to 149°C
(300°F) for aluminum.
Usable temperature
range, -221°C (~365°F)
to 649°C (1200°F).

Cure same as 811.
Usable temperature range
-251°C (-420°F) to 399°C
{750°F).

Cure same as 8l11.
Usable temperature.range
same as Blil.
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EVERLUBE CORPORATION

MANUFACTURER 'S

CHIMICAL : COMPAT1EILITY
DES LGNATION COMPOSTTION SUGGESTED . USES Lo¥, FUEL, EIC, NOTES
NLoxY 44 & 88 MoSp-graphite, Film for cryogenic use, LOX and most Cure at 191°C (375°F)

ECOALUBED 642
(MIL-L-46010A)

EVERLUBE 967

EVERLOX
16, 17, & 18

phosphoric acid
binder (also
available
graphite free)

MoSy-metallic
oxides, corro-
sion inhibitors,
resin binder

MoSy-~corrosion-
resistant com-
pound--anti-~
oxidant and high
temperature
binder

MoS,, chemically
bonded

reduce wear, prevent
galling, INLOXY has good
wear-life, while INLOX' 88
is an antiscize coating
for threads, fittings,
couplings, etc.

Solid film has low fric-
tion, reduces wear, and
good corrosion resistance,

Solid film for extremec
loads, wide temperature
range, reduces wear, pre-
vents galling and has wvery
good endurance life,

Used on aircraft, missiles,
rocket engines, space
vchicles .and industrial
applications, Reduccs
wear and prevents galling.
Cryogenic lubricant typi-
cal application:

fittings, valves, fas-
teners, etc,

hydrocarbon
fluids,

Not LOX, but
OK for jet
fuel, hydro-
carbons, hy=-
draulic fluids,
silicones,
etc,

Not LOX,
resistant to
hydrocarbon,
hydraulic
fluids, oils,
greases,

LOX, gaseous
oxygen and
liquid hy-
drogen ap-
proved under
MSFC-1064A.

for 1.5 hr.

to 700°F).

Cure at 204°C (400°F)
Usable
perature range -185°C
to 260°C (~365°F to

for 1,0 hr.

500°F).

Cure at 66°C (150°F),

1.0 hr, plus 302°C

(575°F) for 1.0 hr.

Usable temperature

range -149°C to 399°C

(~300°F to 750°F).

EVERLOY 16, cured at

149°C (300°F), 1.0 hr.
EVERLOX 17 is for br-sh-
on where parts cannot
EVERLOX 18
is a paste for field

and shop application,

be baked.

Usable
temperature range ~240°C
to 371°C (-400°F to

tem-
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FEL-PRO, INC, (Division, Felt Products Manufacturing Company)

MANUFACTURER'S
DESTGNATION

CUEMICAL
COMPOS LTION

SUGGESTED USES

COMPATIBILITY
LOX, FUEL, EIC.

NOTES

FEL-PRO C-200

FEL-PRO C-300

FEL-PRO C-640
(MI1L-1-8937)

FEL-PRO 651A
(MIL-L-460104)

46% lubricant,
6% thermosetting
resing,

48% organic
carrier

49% lubricant,
7% resin,
447, solvent

PﬂoSz plus solid
lube powders and
modified phenolic
resin,

MoS) plus pigment
lubes and cpoxy-
phenolic resin
(graphite free)

Baked-on dry film for high
temperature medium speed and
hecavy loads., Prevents cor-
rosion, galling, scizing and
wear. Uses include missile
and aircraft components,
actuators, gears, journals,
bearings, hinge pins, etc.

Air-dry, solid~film lubri-
cant for high temperature.
Usage industries include
acrospace, automotive,
machinery, household, petro-
chemical, etec, Recommended
for sliding, rolling and
rotating surfaces.

Solid film has exceptionally
high solvent and corresion

resistance, also good wear-

life.

Solid film has cxcellent
wear-1life, corrosion and
rclease properties,

Resist most
hydrocarbon
fluids and
compounds,

Fluid resists
JP-4, hy-
draulic fluid
(nonpet,),
brake fluid,
synthetic lub,
oil, lub, oil,
silicone
fluids, and
trichloro-
ethylene; not
LOX.

Not LOX; re-
sistant to:
hydrocarbon
fluids,
gasoline, -jet
fuel, hydraulig
fluids, oils,
silicones, ctc.

Similar to
FEL-PRO C-640.

Resin-bonded dry film;
bake temperature 260°C
(500°F), 15 min, Fric-
tion coefficient, 0.07
to 0.11,. Usable temperad
ture range, -54°C to
816°C (~65°F to 1500°F)
(limited to 1316°C
(2400°F)). Vacuum stable
and good shelf life,

Air-dry resin-bonded dry
film (best properties
obtained with heat cure;
1/2 hr., 260°C (500°F)
for 3-1/2 hr. at 375°F).
Friction coefficient,
0.07 to 0.11, 4Usable
temperature range, ~-54°C
to 649°C (~65°F to
+1200°F). Vacuum stable
and good shelf life,

Cure at 163°C (325°F)
for 1.0 hr, Temperature
stable from -54°C -
(~65°F) to 260°C (500°F),

Cure at 204°C (400°F)
for 1,0 hr, Temperature
stable range is the same
as C~-640.
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GENERAL MAGNAPLATE CORPORATION

MANUFACTURER'S
DESTGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATIBILITY
LOX, FUEL, EIC.

NOTES

TURFRAMY *

MAGNALUBED
D-4821

MAGNALUBEC

D-5261

MAGNALUBE®
D-801

HI~T-LUBE®

Treated aluminum

surface im-
pregnated with
magnaplate TFE
particles

Matrix-bonded

molybdenum solid

film

Dry-film lubri-
cant suspended
in a suitable
carrier

MoSy modified
resin binder

1

Low shear metal~

lic film im-
pregnated with
MoSy (electro-
plate)

ment is neccssary to pre-

81iding surfaces, dies,
molds, electrical equipment,
bearings, valveé, pumps,
power transmission equip-
ment, ete,

Low friction solid film,
prevents galling, seizing,
and cold welding. Good for
high temperature, high
bearing pressure and high
surface speeds, Also with-
stands humidity and atmo-
spheric conditions,

Low friction dry film for
reduced wear and parts
subject to seizing and
galling, Machine shop,
truck and automotive, etc.
Spray, dip or brush ap-
plication.

Low friction dry film for
wide pressure range, tem-
perature and surface

speed, Prevents galling,
seizing, cold welding and
fretting corrosion., Break-
in lubricant, gears, cams,
pins, etc.

Aircraft and missile parts
requiring wide temperature
range, high loads and
severe envirommental con-
ditions. Bearingé, screws,
gears, sliding surfaces,
Not intended for corrosion
resistance in warm acids.
For high moisture condi-
tion base coat pretreat-

vent moisture break
through,

Most hydro~
carbon fluyids,
salvents, oils
chemicals,
ete.

Resists jet
fuel, avia-
tion gasoline,
lub, oils,
petroleum hy-

draulic fluids

fluids, and
hydrocarbons.

Resists
humidity,
oils, areases,
acids, sol-
vents and
alkalis,

Impact sensi~
tive in LOX,
Not compatible]
with most
missile and
aerospace
propellants.
Compatible
with space,
gaseous and
liquid oxygen,
nitrogen, hy-
drogen, heliun
and most sol-

vents and
chemicals,

Aluminum only:
wear-resistant

faces, greater

resistance than case~

hardened steel
chrome.

resistance and
heat transfer,

Heat-cured solid £ilm,

can be applied

ferrous and nonferrous
Ferrous metals
require phosphate or
vapor blast pretreat-
ment, aluminmm anodiz-
Curing tempera-

alloys.,

ing.

ture, 121°C to

(250°F to 350°F) for
1.0 hr,; l-year storage

life.

Air-dry self-bonding
dry-film lubricant,

Has good adhesion to
pretreated metal sur-
Usable tempera-
ture range, -54°C to
260°C (-65°F to +500°F);
1.0 hr. shelf life,
May be obtained in
aerosol containers,

faces,

Heat-cured dry
1.0 hr., 191°C

for treated metal sur-

faces,

Proprietary dry-film
lubricant for severe
Usable

temperature range,

conditions,

-54°C to 538°C
to +1000°F),

TFE polymer

surface has low frics
tion, corrosion, im-

proved electrical

Bard
sur-
abrasion

or hard

rapid

to

177°C

£ilm;
(375°F),

(~65°F
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GENERAL MAGNAPLATE CORPORATION

MANUFACTURER'S CHEMICAL COMPATIRILITY

DESIGNATION COMPOSITION SUGGESTED USES LOX, FUEL, ETC. . NOTES

NEDOX®* Electrodeposited | Proprietary film for steel, | Same as Friction coefficient is
porous hard stainless steel, brass and TURFRAMD 0,04, Resistant to
nickel-chrome im-|copper alloys, Properties abrasion, corrosion and
pregnated with and usage are similar to most chemicals, Usable
PTFE* TURFRAM® temperature range from

cryogenic to 260°C
(500°F) .

CANADIZING® * Electrochemical |Proprietary film for Same as Properties similar to
process gives titanium, provides a hard, | TukFeam'/ TURFRAM® and NEDOXY.
titanium a hard |corrosion-resistant, low Usable temperaturc range
surface im- friction surface., Usage from cryogenic to 371°C
pregnated with a jincludes: aircraft, naval (700°F).
fluorocarbon craft and ordnance, packag-

(TFE), MoSy or ing machinery, air and hy~
graphite, also draulic tools, ectc,
colors,

% Can be used for build up of worn or undersized dimension. All add the characteristic
quality of increased surface hardness of the bare metal.
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H. A, HENDERSON COMPANY

MANUFACTURER'S CHEMICAL COMPATIBILITY
DESIGNATION CMPOSITION SUGGESTED USES LOX, FUEL, ETC, NOTES
HENDERLUBE 402A |MoSy/graphite/ Sliding surfaces, splines, LOX resistant | Good wear-life and cor-

(MIL-L-8937)

HENDERLUBE 462A

HENDERLUBE 413
(MIL-L-46010)

lubricative anti~
oxidants; modi~
fied phenolic
resin binder

MoS,/graphite/
metallic salts;
thermosctting
silicone resins

Compounded
thermosctting
dry f£ilm; (no
graphite or
powdered metal),
modificed epoxy
resin.,

bolts, nuts, threaded parts,
antiseize. Use on ferrous
metals, nonferrous metals,
fibre and plastics, glass

and ceramics; usable at highl
speed and loads,

Medium high-heat dry film
for temperature range
~-73°C to 454°C (-100°F to
+850°F); prevents galling,
seizing, wear and corros-
ion., Similar applications
to HENDERLUBE 402A.

For bearing and sliding sur+
faces. Propertiecs arc
similar to 402A, but has
slightly better wear-life
and corrosion resistance,
Very good coating for steel)
carbon and stainless, and
is replacing 402A on these
surfaces.

marginal - not
recommended,
Resistant to
hydrocarbons,
solvents, hy-
draulic fluid,
oils, greases,
etc,

Not recommended
for hydro-
carbons, sol-
vents, and
similar items.

Same as
HENDERLUBE
4024,

rosion resistance,
Usable temperature range
~73°C to 260°C (-100°F
to 500°F), cure at 149°C
(300°F), 30 min., Dry-
film coating will not
support growth of fungus
or mold (MIL-E-52724).

Has good high tempera-
ture properties, but is
not fuel or solvent com-
patible, Cured at
260°C (500°F).

Cure at 177°C (350°F)
for 1,0 hr. See note
for HENDERLUBE 4024,
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HOHMAN PLATING AMD MANUFACTURING, TNC.

MANUFACTURER'S
DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATTIBILITY
LOK, PUEL, ETC,

NOTES

SURF-KOTE® 108

SURF-KOTE™ 359

SURF -KOTE™ 360

SURF-KOTE™® 1284
(MIL-L-8937)

SURF -KOTE® 1625

SURF-KOTE®
L0~1800

SURF -KOTE®
M-2036

SURF -KOTE"Y
M-2049
(MIL-L~46010)

MoS, modified,

~resin bonded

TFE pigment
phenolic resin

TFE pigment,
modified alkyd
binder

Matrix-bonded
film containing
MoS 2

Lubricant pig-
ment in an air-
drying resin

MoS,-lube pig-
ments in an

inorganic binder

MoS,-lube pig-
meénts in
polyimide binder
(no graphite)

MoSy~-lube pig-
ments, resin
bonded (no
graphite or
powdered metals)

Economical film, exccllent
where large quantities of
small parts are coated by
dipping or tumbling. May
also be sprayed or brushed.
Prevents seizing, cold
walding, fretting,corrosion
and has very good wear-life.

Low temperature cure film,
has excellenl adhesion and
corrosion resistance.

Water despersible dry film
for use on elastomeric
parts and where flexibility
is required (i.e., Q'
rings, seals, etc.).

Eliminates galling, seizing,
cold welding, prevents
fretting, corrosion and
lubricates under oxtreme
pressure and temperatures.
May be used at high sur-
face speeds.

Film for hearing or rubbing
surfaces; has good adhesion
and low friction. Prevents
wear, scizing and galling.
Uses include:
line, machine shop, auto-
motive, baking, house and
office equipment.

agsembly

Nonflammable film for
application in a vacuum or
liquid oxygen.

Superior endurance life over
wide temperature range up
to 399°C (750°F) use on
steel, stainless steel and
anodized aluminum.

Material has excellent
adhesion and corrosion
properties over a variety
of materials, aud excellent
wear-life over a wide range
of conditions, and enviran-
ments including speed

ranges and loads.

Resistant to
humidity, oils,)
greases, sol-
vents, acids
and alkalis.

Resists
hydraulic
fluids, oils,
most solvents
(not esters
and ketones),
kesistant to
oils, hydrautid
fluids, eto.

Compatible
with hydro-
carbon fluids,

Resistant
hydrocarbons -
aviation gas,
petroleum
hydraulic
fluid, lubri-
cating oils,
jet fucl.

tos

Linuid oxvgen
and hydro-
carbon fluids.

Poor corrosion
resistance,

Resistant to:
hydrocarhouns,
hydraulic
[luids, jet
fuel, silicone
fluids and
similar
material.

Cure at 204°C (400°F)

for 1.0 hr.

Cure at 149°C (300°F)

for 1.0 hr.

Continuou:

operating temperature
limit 177°C (350°F),
short duration limit

204°C {400°F).

Cure at
1.0 br.

149°C (300°F)

Cure at 177°C {350°F)

for 1.0 br.

Air-dey in 30 wmin, ¥
cured at 149°C (300°F)

15 min,

Usable tem-~

perature range -54°C
te 260°C (-65°F to

500°F).

Available in

bulk or aerosol con-

tainer.

Cure at 149°C (300°F)

2.0 bhr.

May be uvazed in
air up to 399°C (750G°F).

Especially recommended
for temperature range
204°C (400°F) to 371°C

(700°F) is basc material

will stand cure.

at 93°C (200°F), 1.0 hr
| and 288°C (550°F),

1.0 hr.

Cure

Air-dry 30 min, the
cure at 204°C (4OQ°F)

for 1.0 hr.

(~65°F) to 260°C
(500°F),

Lsable
temperature range -54°C
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HOHMAN PLATING AND MANUFACTURING, INC,.

MANUFACTURER'S
DESTGNATION

CHIMICAL
CMPOSITION

SUGGESTED USES

COMPATIBILITY
LOX, FUEL, ETC,

NOTES

SURF~KOTE®
A-2178A

MoS2 and other
lubricating pig-
ments in organic
resin (similar
to AFSL-41)

Good lubricant for titanium.
Good for field application
where baking is not possi-~
ble and performance at
high temperature is
required. Good adhesion
and fluid resistance.

Air-dry 72 hr, provides
maximum endurance life,
film usable to 316°C
(600°F) .
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LUBECO, INCORPORATED

MANUFACTURER'S

CHEMICAL COMPATIBILITY
DESIGNATION COMPOSITION SUGGESTED USES LOX, FUEL, ETC, NOTES
LUBECO 905 Chemically Primarily as an antifric- ABMA-LOX' Slow chemical bond is

LUBECO 2123

LUBECO 2023

LUBECO 20238

bonded inorganic
solid dry £ilm
lubricant. (No
vitreous or
ceramic binder).
Lubricant con-
stituents are
controlled par-
ticle size of
MoSg, graphite
and several
others.

Inorganic dry
film lubricant,
electrophoretic
binder system

{similar to 905).

Similar to 905

Similar to 905

tion coating to reduce wear,
prevent galling, scoring,
seizing or abrasion on
ferrous and nonferrous
material subject to sliding
or rolling contact. Used
on spherical ball and
sleeve bearings. Screws,
cams, bolts, fasteners,
coupling, shafts, etc.

Long wear-life under high
loads and low speeds at
elevated temperature
(higher than 905).
ularly successful on
titanium.

Partic-

Extremely high temperature
resistance, Wear~life is
slightly lower and friction
is a little higher than
2123.

Dry film inert to most any
chemical attack: fuels,
oxidizers and aggresive
chemicals. Good wear-life
and lubricity.

impact sensi-
tivity test,
vacuum hydro-
carbon, fluid,
etc, Not
compatible
with most
propellants
for missiles
and aerospace,
hydrazine
N204 , etc.

Resist chemi-
cal attack
better than
most inorganic
lubricants.
Used in LOX,
liquid hydro-
gen and hard
vaccum.

Similar to
LUBECO 2123.

May be used
with hydrazine
UDMH, mono-
methyl hydra-
zine, LOX,
IRFNA, mnitro-
gen tetroxide,
hydrogen
peroxide, 75%
nitric acid,
and diethyl~
tramine.

accelerated by heat *
stabilizing 204°C
(400°F) wm, steel and
163°C (325°F) on
aluminum. Temperature
range -269°C (~452°F)
to 260°C (500°F).

Cure same as 905, Usabld
temperature range -269°C
to 427°C (~452°F to
800°F). Very low
friction f£ilm.

Cure same ks 905. Usabld
temperature range
-269°C to 649°C (~452°F
to 1200°F) for prolonged
exposure and to 816°C
(1500°F) for short
periods.

Cure same as 905.
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MICROSEAL CORPORATION

MANUFACTURER'S
DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATIBILITY
LOX, FUEL, ETC,

NOTES

MICROSEAL 100-1

MICROSEAL 200-1

MICROSEAL 300-1

987% Pure graphite,
high heat
inorganic binder
(proprietary)

hosz and high heat
inorganic binder
(proprietary)

fungsten disulfidd
high heat in-
organic binder
(proprietary)

IS1iding surfaces, rotating
land oscillatory mechanical
lhardware, Protective coat-
ing in high thermal area,
[Thermal range: Air -240°C
to 1093°C (-400°F/4+2000°F);
Vacuum 1.33 x 10~7 N/m? 10-9
torr 1482°C (2700°F). Can be
applied to metals, plastics,
rubber, etc,

Similar to MICROSEAL 100-1
except for thermal range:
air 371°C (700°F) (max.);
vacuum 1,33 x 1077 §/m?
1079 torr 760 (1400°F),

Similar to MICROSEAL 100-1
except for thermal range:
Rir 482°C (900°F) (max);
acuum 1,33 x 107 N/m?
1079 torr 760°C (1400°F).

Liquid oxygen
unsymmetrical,
Dimethyl hydra-
zine, nitrogen
tetroxide,

liquid nitrogen
fluorine,water,
hydraulic fluidj
grease, sili-
cone salt spray.

Similar to
MICROSEAL 100-1,

Similar to
MICROSEAL 100-1

Nontoxic, noncorrosive
impinged solid lubricant)
Special spray applicator
required, Cure cycle
variable depending on
application: room tem-
perature 7 days; heat
cure, 15 min, at room
temperature, and 232°C
(450°F) for 1.0 hr,

Similar to MICROSEAL
100-1.

Similar to MICROSEAL
100-1.

ATII-27



This page intentionally left blank.

ATV-28



MIDWEST RESEARCH INSTTTUTE

MANUFACTURER'S

CHEMICAL

COMPATIBILITY

DESIGNATION COMPOSITION SUGGFK.STED USES LOX, FUEL, EIC. NOTES

MEL-1 MoS 9 Experimental sputtered film| Good outgas- Usable temperature
(DC-sputtering) | primarily for use on ball sing proper- range (air or vacuum);

bearing or other applica- ties, -73°C (-100°F) to
tion requiring extremely 399°C (750°F).
thin film. May be used

in vacuuwm.

AFSL-28 Calcium fluoride,| High temperature film No fluids, Cure at 925°C (1697°F)
barium fluoride, | developed for use at 538°C | use dry. for 1.0 min. Usable
aluminum (1000°F) in an air environ- temperature range in
phosphate ment, where best friction air; 21°C (70°F) to

and wear properties are 816°C (1500°F) and in
obtained. Best on Ni-based vacuum; -21°C (70°F)
alloys. Developed on an to > 538°C (> 1000°F).
Air Force Laboratory Relatively high fric-
Contract. tion.

AFSL~29 Calcium fluoride,| High temperature film that | No fluids, Cure at 750°C -(1382°F)
barium fluoride, | is similar to AFSL-28, but | use dry. for 1.0 min. Usable
magnesium cures at lower temperature temperature range in
fluoride, and has lower friction. air; 21°C (70°F) to
aluminum Has very good load capacity 649°C (1200°F).
phosphate and wear-life. Also de-

veloped on an Air Force
Laboratory Contract.
MLR-2 MoS, and S8by03, For severe wear-life and Hydrocarbon Air-dry 30 min, then
(50M60434) polyimide resin elevated temperature use. fluids and cure; 149°C (300°F),
Has acceptable outgassing gaseous 1.0 hr plus 302°C
and excellent radiation oxygen. (575°F), 1.0 hr.
properties moderately Usable from low
high friction. temperature to 260°C
(500°F).

MLF-5 MoS5, graphite, Good for high temperature LOX and Air-dry 30 win, then

(MSFC 502) gold, sodium and loads. Developed for gaseous oxygen| cure 82°C (180°F),
silicate, water LOX compatible film. May Not with 2.0 hr. and 149°C (300°F

be used on ball and roller fluids. 8.0 hr. Usable temper-
bearings. Excellent ature range (air and
radiation and satisfactory vacuum) ; -73°C (~100°F)
outgussing properties. to 538°C (1000°F).

MLF-~9 MoS,, graphite, LOX compatible film, lesgs Same as MLF-5.] Air-dry 30 min, then

(MSFC 253) bismuth, sodium expensive than MLF-5. Has cure 82°C (180°F),
silicate, water high load capacity, but 2.0 hr. and 149°C (300°F

other properties are 2.0 hr. Usable temper-

lower than MLF-5. ature range (air or
vacuum) -73°C (~100°F)
to 371°C (700°F).

MLR-66 MoS,, SbyO3 New experimental film has Use dry. Cure at 93°C (200°F)

polyphenylene
sulfide-alcohol

very good load capacity,
wear-~life and high temper-
ature properties.

for 1.0 hr and then
371°C (700°F) 30 min.
Usable from room tem-
perature to 427°C
(800°F).
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NATICRAT, PROCESS INDUSTRIES

(MIL-1~8937)
(MIL-L~22273)
(MIL-L-25504)

NPI-425

WPI-S

LPI-ZSOO
(MRIONITE)
(AFSL-28)

modified phenolic
resin

MoSs , SB203, sol~
lvent and polyimide
resin

MOSZ, graphite,
pold, sodium
silicate, water

balcium fluoride,
barium fluoride,
b luminum phosphate

pood wear-life., For high
and low loads. For bearing
ind sliding surfaces,

For bearing and sliding sur-
faces; severe wear-life re-
Has very good

corrosion resistance, Not

for cryogenie use and should
not be used with other lubri-
lbants or in contaminated

quirements.,

icnvironments,

Dry film good for high load
May be used with
May
be used on ball and roller
hearings. Should be used
kiry and not with other lubri
cants.

condition,
[LOKX and gaseous oxygen.

High temperature lilm de-
veloped for usc at 538°C
(1000°F) in air. Works best
nickel-based alloys.
Best friction and wear prop-

om

prties are in air.

hydrocarbons,
gas, hydraulic
fluid, turbine
fuel, oil,
silicones, and
some solvents,

LOX and gaseous
oxygen, Not

with fluids.

No fluids.,

MANUFACTURER'S CHEMICAL CMPATIBILLTY
DESTIGNATION COMPOSTTION SUGGESTLD USES LOX, FUEL, ETC. NOTES
“VITRO-LUBE MoSZ/graphite Ag [Heavy duty, long wearing dry{Should be used |Dry film lube for high
(NPT-1220) and proprietary lube; antigalling, anti- dry--fluids temperature and loads,
ceramic binder fretting, antiseizing, for |severely dam- jRequires surface prep~

sliding surfaces, Recom- age properties |aration and critical
mended for dry surfaces, application technique,
Can be applied to most metald cure at 524°C (975°F),
and platings. Developed for 1,0 min.
the XB-70 airplane,

NPI-14 Mosz/graphite, Corrosion resistance and Resistant to; Heat cured solid film

lube, resin bonded. Bake
temperature 149°C (300°F)
1.0 hr.

Air dry 30 min, and
cured at 149°C (300°F),
1.0 hr. plus 302°C
(575°F) for 1.0 hr,
Usable to 260°C (500°F).
Identical to NASA formulg
MLR-2, licensed and
marketed by NPI.,

Air dry 30 min. and cured
at 82°C (180°F) for 2.0
hr., then 149°C (300°F)
for 8.0 hr, Identical

to NASA formula MLF-5,
licensed and marketed

by NPI.

Cure at 925°C (1697°F)
for 1.0 min, Usable
temperature range; air,
21°C (70°F) to 816°C
(1500°F), in vacuum.
21°C (70°F) to > 538°C
(> 1000°F)

% Applied only by NPI.
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POXYLUBE, INC.

MANUFACTURER'S
DESTGNALTON

CHEMICAL
COMPOS TTTON

SUGGESTED USES

COMPATIBILLTY
104, FUEL, BTIC,

NOTES

PONYLUBE 330

FOX\’LUBE 420

POXYLUBE 500-M

POXYLUBE 750

Blended dry iim
(contains MoSy,

rraphite, others)
and small amount

of air-dry resin

imilar to POXY-~
EUBE 330, but con-

Kains more resin

Blended dry film
(contains MoS,,
praphite, others)
land heat cured
Fesin

Eimilar lube blend
ko POXYLUBE 500
but has more resin

Biiding and rolling contacts
hiachinery break-in, screws,
bear trains, T-slots, bolts,
miversal joints, latches,
mechanical mechanisms, gen-
»ral purposc lube, ctc.

Similar to POXYLUBE 330

Bimilar to POXYLUBE 330 and
420 but has more wear
btrength, adhesion and chem-
ical resistance,

Similar to POXYLUBE 500 but
slightly improved properties.

Resists mois-
ture and some
fuels and sol-
vents,

Not LOX or
rocket fuel but
most hydro=~
carbon {luids
and solvents,
not as good as
POXYLUBE 750.

Resistant to
solvents, gaso~
line, hydraulic
fluids, oils,
atc.

Paint-like dry~film that
air dries in 30 min.
Good shelf storage life.
Spray, dip, or brush
application, some agita~-
tion required, Usable
temperature -212°¢
(~350°F) to about 93°C
(200°F).

Similar to POXYLUBE 330,
air dries in 24 hr.
Soluble in alcohol or
shellac thinner.

Improved properties over
POXYLUBE 330 and 420.
Heat cure cycle 149°C
(300°F), 1.0 hr, Usable
temperature range -212°C
to 316°C (-350°F/+600°F).

Similar to POXYLUBE 500,
Cure eycle, 191°C (375°F)
1.0 hr, Usable tempera-
ture range ~212°C to

260°C (~350°F to SO0°F).
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PRODUCT TECHNIQUE, INC,

MANUFACTURER'S
DESIGNATION

CHEMICAL
COMPOSITION

SUGGESTED USES

COMPATIBILITY
L0X, FUEL, EIC,

NOTES

PT~14% TECHLUBE

PT~-17% TECHLUBE

PT~24% TECLUBE

PT-26M%*
TECHLUBE

PT-101 (MOLY
SPRAY)

Microfine MoS2
and graphite,
resin binder

Microfine MoS3,
resin binder

Microfine MoS2
and silicon resin
binder

Microfine MoSy
and multipolymer
resin binder

MoSy, proprietary
carrier and
drying agent

Solid film lube for rolling
and sliding surfaces, medium
load 27.58 x 107 N/m2
(40,000 psi) and high speed,
Temperature range -73°C to
28°C (~100°F to 550°F),

Solid film for rolling and
sliding surfaces, Usage
similar to PT-14 with higher]
load limits 41.37 x 107 N/m2
(60,000 psi). Temperature
range, -184°C to 260°C
(~300°F to 500°F).

Solid film lube for sliding
and rolling surfaces under
moderate loads 13,79 x 107
N/m2 (20,000 psi) and high
temperature; -73°C to 538°C
(~100°F to 1000°F)

General use lube, load
capacity 20.69 x 107 N/m?
(30,000 psi); temperature
range, =54°C to 260°C
(-65°F to 500°F),

General use; machine tools,
plastics, food handling
equipment, mechanisms, etc))
For extreme temperature and
pressures 275.8 x 107 N/m2
(400,000 psi); temperature
range, -54°C to 260°C (-65°H
to 500°F).

Not LOX or fuel
resistant,
Moderate cor-
rosion resist-
ance,

Same as PT-14,

Similar. to
PT-14,

Similar to
PT-14,

Similar to
PT-14,

Heat cure 163°C (325°F),
1,0 hr. spray, dip or
brush application,

Heat cure; 163°C (325°F)
1.0 hr, spray, dip or
brush application.

Heat cured; 249°C
(480°F), 1,0 hr, spray,
dip or brush applica-
tion.

Air-dry; spray, dip or
brush application,

Air-dry, Aerosol spray.

% PT-14 prime coat provides good corrosion resistance for Techlube lubes,
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SANDSTROM PRODUCTS COMPANY

MANUFACTURER'S
DESIGNATION

CHFMICAL
COMPOSITION

SUGGESTED USES

COMPATIBILITY
LOX, FUEL, ETC,

NOTES

Sandstrom 9A
(MIL-L-461010 A)

Sandstrom 26A
(RIAPD 703)
(MIL-L-46147MR)

Sandstrom
Hi-T-650

Hosz, antimony
trioxide and di-
basic lead phos-
phate in epoxy-
phenolic resin

MoS2 and corro-
sion~inhibiting
pigments, lacquer-~
like air-dry

binder (epoxy)

MoSy and corro-~
sion-inhibiting
pigment, modified
silicone binder
(contains no
graphite)

Dry film lube for slidjng
surfaces, high température
and loads. Provides wear-
life and corrosion protec-
tion., Ordnance ‘equipment,
threads, pipe fittings,
high pressure seals, heli~
copter shafts, etc, May
be used in vacuum as film,
has no outgassing at

1.33 x 1070 N/m?

(107 rorr).

Properties. are similar to
9A. This material is good
as a field or touchup
coating where heat cure
film cannot be applied.

Will stand loads exceeding
6.895 x 108 (100,000 psi).

Developed for high temper-
ature use 260°C-399°C
(500°F-750°F). Provide
long wear—-life at temper-
ature above limits of 9A
or 26A. Lubricating
properties and load capac-
ity are similar to 26A.

Resistant to,
"LOX," jet
fuel, rocket
fuels, acids,
alkalis and
degreasers.’

Same as 9A.

Not for fluids
or fuels.

 Heat cured dry

'Air?dry 72 hr, Can be

film
lube. Cure at 149°C
(300°F), 2 hr. Paint-
like lube, can be
brushed, dipped or
spray application.
Operating range -196°C
to 260°C (~320°F to
500°F).

Air-dry film., Operating
range, -196°C to 149°C
(-320°F to 300°F).

cured at 249°C (480°F)
for 1.0 hr. This film
is based on Air Force
Material Laboratofy
development of AFSL-41.
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AIV -~ MANUFACTURER SUPPLIED APPLICATION DATA
FOR SOLID LUBRICANTS

AIV



ACHESON COLLCID

S COMPANY

PRODUCT NAME

RELEASE COATING

OR CODE No. 7 pAG® 154 DAG® 244 mc® 250
PROPERTIES
SPECIFICATION - - - -
COMPOSITION: Lubricant TFE Telomer Graphite MoSy and Additive$ MoSy/Graphite
Binder/Carrier "Freon" Isopropyl Alcohol|Resin Bond Phenolic Resin
207 Solid 42% Solid
APPLICATION: Brush No X X -
Dip or Tumble No X X -
Spray Aerosol Can Best X X
CURE CYCIE: Air Dry 2-3 Min, Yes Air Dry, 10 mm. & -
Heat No No 149°C (300°F) 149°C (300°F)
Temp/Time : - for 1,0 Hr. 1,0 Hr,
COMPATIBILITY: LOX - Batch Test - -
Oxygen (gas) - Batch Test - -
Rocket Fuel - - - -
Jet Fuel - - L X
Hydrocarbon L L L X
Solvents L L L X
RADIATION PROPERTIES - - - -
QUTGASSING PROPERTIES - - =
USABLE TEMP. Air: (high) 260°C (500°F) 204°c (400°F)L/ - 204°C (400°F)
(low) - - - -
Vacuum: (high) -
 (low) -
LOAD CAPACITY: Force Low Load and M - G Varying]15,568 N (3,500 M

Test Method

Low Speed

with film life

1b)
Falex

WEAR-LIFE: Load

Test Method
Time

Test Cond.

L

2,802 N (630 1h)
Alpha Tester

1.0 Hr.
7.9 m. (26 ft/min)

4,448 N (1,0001b,
Falex
190 Min,
Ambient

2,802 N (630 1b.)

Alpha Tester
150 Hr.

7.9 m (26 £t/min)

FRICTION COEF.; STATIC, Air
Vacuum
DYNAMIC, Air

Vacuum

0.19

L

0,15

ELECT, CONDUCTIVITY

Good

CORROSION RESISTANCE

VACUUM WI. LOSS, N/m?
mg/cm2
Vacuum
Time

USES:
ON:

Rubber & Plastics
Wood, leather, Fibers
Glass & Ceramics
Metals

>

TYPICAL USES: Gen. Purp. Lub,
Fretting, Galling, Seizing
Cams, Gears, Slide Surf,
Rolling Surf,

Release Agent or Metal Work

I TR IR PO RS

LR ] E

Rl

I e E

NOTES:

V.G. - Very Good

- Good

Medium

- Poor

- Limited or Low
No Data or Not
Applicable
Satisfactory

RO
1

Nonstaining and

nonoily disper-

sion. At temper-
ature above 299°C
(570°F) toxic and
irritating vapors
will be released.

Conductive lubri-
cants have excel-
lent film forming
properties, Have
many uses includ-
ing assembly and

items .L/May be
used to 454°C
(850°F) for lim-

Meets load and
endurance speci-

L-8937, and has
good corrosion
resistance, Ap-

"run-in' of O.E.Mkplications in-

clude aircraft
fasteners, brake
screw assemblies

ited periods,

vending machines |

fications for MIIj-corrosion prop-

Good adhesion,
hard film. Good

erties. Moderatqd
load and speed
applications.
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ACHESON CNLLCIDS COMPANY

PRODUCT NAME

; EMRALON® 320
OR CODE EMRALON® 317 EMRALON® 319 | (EMRALON® 321)% EMRALON® 327
PROPERTIES (EMRALON® 322)*
SPECIFICATION - - - -
CMMPOSITION: Lubricant PTFE Coating BTFE Coating PTEE Coating PTFE Coating
Binder/Carrier Polyurethane Silicone Resin Thermoplastic IThermoplastic
: _JResin jResin gesin
APPLICATION: Brush X L - -
Dip or Tumble X L L -
- Spray " Best. Best Best Aerosol
CURE CYCIE: Air Dry 5-6 Hr,, or 66°~ {10 Min,, then 2 Hr, 2 Hr.
Heat 93°C(150°-200°F) [204°C (400°F) - -
Temp/Time 30 Min., (high 30 Min. - -
humidity)
CRMPATIBILITY: LOX - - - -
Oxygen (gas) - - - -
Rocket Fuel - - - -
Jet Fuel L X X L
Hydrocarbon X X X L
Solvents L - L -

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 121°C (250°F) 204°C (400°F) 82°C (180°F) 82°C (180°F)
(low) - - - -
Vacuum: (high) - - - -
(low) - - - -
LOAD CAPACITY: Force V.G. V.G,
. Test Method - - - -
WEAR-LIFE: lLoad 2,802 N (530 16.)|Z,802 N {630 15.7 {2,802 N (630 15.) {2,802 N (630 1b.)|
Test Method Hartman Tester Hartman Tester Hartman Tester Hartman Tester
Time E M V.G. V.G,
+  Test Cond, 7.9 m. (26 ft/min)|7.9 m.(26 ft/min){7.9 m.(26 ft/min)|7.9 m.(26 ft/min)
FRICTION COEF.; STATIC, Air 0.08-0,10 0.,05-0,07 0.05-0,07 0,06-0.09
Vacuum - - - -
DYNAMIC, Air - - - -
Vacuum - - - -
ELECT., CONDUCTIVITY - - - -
CORROSION RESISTANCE M Fair M M
VACUWM WT. LOSS, N/m? - - - -
mg/cm2 - - - -
Vacuum - - - -
Time - - - -
USES: Rubber & Plastics X - L X
oN Wood, Leather, Fibers X - X X
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: - Gen. Purp. Lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X h:¢ X
Release Agent or Metal Work X X X X

NOTES:
E - Excellent

V.G. - Very Good
- Good
Medium
~ Poor
~ Limited or Law
No Data or Not
Applicable
Satisfactory

R
1

Excellent adhe~
sion, low fric-
tion, corrosion
resistance and
good release
properties. Abraj
sion resistance
better than pure
PTFE. Limited
use at 149°C

Solid film lub.
has low friction,
good heat resis-
tance, abrasion,
and release prop-
erties, Limited
use to 232°C
(450°F), Toxic
vapors are re-
leased above

(300°F)

{204°C (400°F).

Excellent adhe-
sion, low fric~
tion, good corro-
sion and release
properties.
Limited use to
116°C (240°F).

* 521 and 323 are
equivalent to
320, 321 may be
used on food
cquipment,

Similar to 320
but in aerosol
container, Has
low friction and
good release
properties,
Limited use to
116°C (240°F)

AIV-2



ACHESON COLLOIDS COMPANY

PRODUCT NAME

0] .
vl ' (xﬁgﬁg gig)* EMRALONY 312 (ggﬁmﬁ; iig *
PROPERTIES MOLYDAG® 254 (EMRALON® 313) % ‘ LO )
SPECIFICATION - - - -
COMPOSITION: Lubricant MoS2/Lub, Pigments|PTFE Coating PTFE Coating PTFE Coating
Binder/Carrier Thermoset Resin Phenclic Resin Acrylic Resin Epoxy Resin
(55% solid)
APPLICATION: Brush % - - -
Dip or Tumble X - - =
Spray X X X X
CURE CYCLE: Air Dry 10 Min, and 232°C] - - -
Heat (450°F) (1) 149°C (300°F) 149°C (300°F) 177°C (350°F)
Temp/Time 30 Min. 60 Min, 30 Min, 1.0 Hr,
COMPATIBILITY: LOX - - - -
Oxygen (gas) - - - -
Rocket Fuel - - - -
Jet Fuel X L M L
Hydrocarbon X X X X
Solvents X L M X

RADIATION PROPERTIES

OUTGASSING PROPERTIES

177°C (350°F)*+*

USABLE TEMP. Air: (high) 135°C (275°F) -149°C (300°F) 177°C (350°F)
(low) - -34°C (-30°F) -34°C (-30°F) -34°C (-30°F)
Vacuum: (high) - - - -
(low) - - - -
LOAD CAPACITY: Force 15,568 N V.G. G
(3,500 1b,)
Test Method Falex - - -
WEAR-LIFE: Load e, 448N (1,000 1b,) [2,802 N (630 1b,)| 2,802 N (630 1b,)[ 2,802 N (630 1b,)
Test Method Falex Hartman Tester Hartman Tester Alpha Tester
Time 350 Min, E V.G. 0-1.0 Hr.
Test Cond, 7.9 m. (26 ft/min) | 7.9 m.(26 ft/min)| 7.9 m,(26 ft/min)! 7.9 m,(26 ft/min)
FRICTION COEF.; STATIC, Air L 0.05-0,07 0.08-0.10 0.07-0.10
Vacuum - - - -
DYNAMIC, Air 0,123 - - -
Vacuum - - - -
ELECT, CONDUCTIVITY - - - -
CORROSION RESISTANCE G V.G. G V.G,
VACUUM WT. LOSS, N/m2 - - - -
mg/cm2 - - - - :
Vacuum - - - - :
Time - - - -
USES: Rubber & Plastics L L X -
ON Wood, lLeather, Fibers - L X L
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen, Purp. ILub. X X X X
Frettirg, Galling, Seizing X X X X
Cams, Gears, Slide Surf. X X X X
Rolling Surf, X L - -
Release Agent or Metal Work - L L

NOTES :

Excellent
Very Good

~ Good

Medium

~ Poor

- Limited or Low
No Data or Not
Applicable
Satisfactory

Meets load and
endurance limits
for MIL~-L-8937A,
(1) May be cured
at 149°C (300°F)
but properties
are reduced.
Limited use to
149°C (300°F) .

f%* Limited use at

Good adhesion
friction, corro-
sion and release
properties,

% 311 and 313 arxe
equivalent to 310,

204°C (400°F).
311 may be used
in food proces-

Excellent adhe-~
sion, low fric-
tion and good re-
lease properties,
for flexible sub-
strate, Limited
use to 177°C
(350°F).

sing equipment,

* Emralon¥ 316 is

Excellent adhe-~
sion, low fric=-
tion and heat
and chemical
resistance,
Limited use to
204°C (400°F).

equivalent to
315.
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ACHESON COLLOIDS COMPANY

PRODUCT NAME
OR CODE

PROPERTIES

EMRALON® 328

EMRALON® 329

EMRALON® 330

SPECIFICATION

COMPOSITION: Lubricant

Binder/Carrier

[PTFE Coating
[Thermoplastic

PTFE Coating

Thermoplastic
Resin

PIFE Coating
Resin

Brush
Dip or Tumble
Spray

APPLICATION:

Rl

X
Best

CURE CYCLE: Air Dry
Heat

Temp/Time

2 Hr,

2-5min,, and
149°C (300°F)
1.0 Hr.

COMPATIBILITY: LOX

Oxygen (gas)
Rocket Fuel
Jet Fuel
Hydrocarbon

Solvents

LI el ol O |

1]

Ll ol ]

P R

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP, Air: (high)
(low)
Vacuum: (high)

(Low)

82°C (180°F)

82°C (180°F)

135°C (275°F)

LOAD CAPACITY: Force

Test Method

G

WEAR-LIFE: Load

Test Method
Time

Test Cond.

2,802 N (630 1b,)
Hartman Tester
V.G,

7.9 m, (26 ft/min)

2,802 N (630 1b.)|
Hartman Tester

V.G.
7.9m, (26 ft/min)

FRICTION COEF.; STATIC, Air
Vacuum
DYNAMIC, Air

Vacuum

0.06~0.09

0,06-0,09

“0,05-0,07

ELECT, CONDUCTIVITY

CORROSION RESISTANCE

M

VACUWM WT, LOSS, N/m2
mg/cm2
Vacuum
Time

USES:
ON

Rubber & Plastics
Wood, Leather, Fibers
Glass & Ceramics
Metals

TYPICAL USES: Gen, Purp. Lub.
Fretting, Galling, Seizing
Cams, Gears, Slide Surf,
Rolling Surf,

Release Agent or Metal Work

E IRl R il ]

B4R PP PR oM

s

[T Il LT ol

NOTES ;

Excellent
Very Good

- Good

Medium

~ Poor

< Limited or Low
No Data or Not
Applicable
Satisfactory

Low friction and
release proper-
ties, Moderate
chemical resis-
tance(i.e., Hy50
and NaOH).
Limited use to
116°C (240°F)

Low friction and
release proper-
ties. Moderate
chemical resis-
tance. May be
applied by elec-
trostatic spray.
Limited use to
116°C (240°F).

Excellent adhe~
sion, and low
friction. Resistys
corrosion, abra-
sion, flex and
impact, Limited
use to 149°C
(300°F)., Used on
gears, shafts,
slides bearings,
ete,
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BALL BROTHERS RESEARCH CORPORATION

PRODUCT NAME

OR CODE
VAG KOTE VAC KOTE
PROPERTIES 21207 BPS 18,07
SPECIFICATION - -
COMPOSITION: Lubricant MoSg MoSy and Solids,
Binder/Carrier None Organic Binder,
Xylene/Alcohol
APPLICATION: Brush Proprietary X
Dip or Tumble Process X
Spray X
CURE CYCLE: Air Dry None =
Heat - 149°C (300°F)
Temp/Time - 1.0 Hr,
COMPATIBILITY: LOX - -
: Oxygen (gas) - -
Rocket Fuel - -
Jet Fuel X X
Hydrocarbon X X
Solvents X X

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 149°C (300°F) 288°C (550°F)
(Low) -268°C (-450°F) | -184°C (-300°F)

Vacuum: (high) 371°C (700°F) 288°C (550°F)
(low) -268°C _(-450°F) | -~184°C_(-300°F)

LOAD CAPACITY: Force > 1.379 N/m? > 0.689 N/m2

Test Method

(> 200,000 psi)

(> 100,000 psi)

WEAR-LIFE: Load 7.12 N (1.6 1b.) |4,448 N(1,0001b,)
Test Method 0,013 m, (0.5 in.) Falex
Time Ball on flat; 300 340 Min.
Test Cond. Min. Inert Gas Room Temperature
FRICTION COEF.; STATIC, Air 0.10 to 0.20 0.10 to 0.20
Vacuum - -
DYNAMIC, Air 0.03 to 0,10 0.04 to 0.10
Vacuum -~ -
ELECT, CONDUCTIVITY - _
CORROSION RESISTANCE - L
VACUUM WT. LOSS, N/m2 - T
mg/cm? 10-12 107" at
Vacuumn c 1.33 x 107% NA2[< 1,33 x 104 N/m?
Time (< 1076 torr)/Sec.|(< 106 torr)/sec
USES: Rubber & Plastics - -
ON Wood, Leather, Fibers
Glass & -Ceramics
Metals

TYPICAL USES: Gen. Purp. Lub.
Fretting, Galling, Seizing
Cams, Gears, Slide Surf,
Rolling Surf,

Release Agent or Metal Work

[ i o WA |

ECEE I Il o

NOTES:

E - Excellent
V.G. - Very Good

G - Good

M - Medium

P - Poor

L - Limited or Low

- =~ No Data or Not
Applicable
X - Satisfactory

For rolling con-
tact bearings
operating in
vacuum, Ball
bearings, ball
bushing, Inst.
gears, hard
vacuum and space

High loading
surface in air
and vacuum,
Sliding surfaces
low-high loads
and low-high
temperature.
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BEL-RAY COMPANY, INC.

PRODUCT NAME

MOLYLUBE Af®

MOLYLUBE SK®

MOLYLUBE ¥

MOLYLUBE®

OR CODE
SPRAYCOTE
PROPERTIES
SPECIFICATION = MIL~L-8937 MIL-1-81329 -
COMPOSITION: Lubricant MoSg MoS» MoS3 MoSy
Binder/Carrier Resin Resin Inorganic-Organic] Solvent and
Resin (30% Solid)| Bonding Agents
APPLICATION: Brush X X X X
Dip or Tumble X X - X
Spray X X X X
CURE CYCLE: Air Dry 6 Hr. - 1.0 Hr. X
Heat - 177°C (350°F)* 79°C (175°F) -
Temp/Time - 30 Min. 30 Min. -
COMPATIBILITY: LOX No Reaction - Batch Test -
Oxygen (gas) No Reaction - X
Rocket Fuel No Reaction X - -
Jet Fuel X X X -
Hydrocarbon X X X L
Solvents X X L L
RADIATION PROPERTIES - = - -
OUTGASSING PROPERTIES - - - -
USABLE TEMP, Air: <(high) 399°C (750°F) 399°C (750°F) 760°C (1400°F) -
(low) -73°C (-100°F) ~73°C (~100°F) -184°C (-300°F) -
Vacuum: (high) - - - -
(low) - - - hd
LOAD CAPACITY: TForce E 16,680N (3,750 1b) V.G. E
: Test Method - Falex - -
WEAR-LIFE: Load M 4,448N (1,000 1b) V.G. G
Test Method - Falex - -
Time 535 Min. - -
Test Cond, - Ambient - -
FRICTION COEF,; STATIC, Air - - L L
Vacuum - - L L
DYNAMIC, Air 0.035 to 0.04 0.025 L -
Vacuum - - 1 -
ELECT., CONDUCTIVITY - - - -
CORROSION RESISTANCE G G G E
VACUIM WT. LOSS, N/m? - - . _
mg/cm2 - - - -
Vacuum - - 1.33 x 1077 N/m? -
Time (10-9 nnél.l(g.)
USES: Rubber & Plasties - - - X
ON Wood, Leather, Fibers L - - X
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen. Purp. Lub. X X X X
Fretting, Galling, Scizing X X X X
Cams, Cears, Slide Surf, X X X X
Rolling Surf, X X X -

Release Agent or Metal Work

NOTES:

E - Excellent

V.G, - Very Good
G =~ Good
M - Medium
P =~ Poor
L <~ Limited or Low
~ = No Data or Not

Applicable

X =~ Satisfactory

Ddorless and non-
flammable. Excel-
lent for extreme
emp. and pressure
pnd for high speed
speeds. Resistant
Fo chemicals. Will
hot pick up dust,
Hirt or lint.

Hard chemical re-
sistant film. Ex-
cellent antigall-
ing and seizing
properties. Long
wear-life. *Maxi-
mum properties
are obtained by
cure at 204°C
(400°F) for 60

Very tough film,
good adhesion for
extreme tempera-
ture ranges and
vacuum. Maximum
properties are
obtained by cure
at 82°C (180°F)
for 2 hr. then
260°C (500°F) for
2 hr,

min.

General use for
machinery, tools
and sliding sur-
faces. Contains
no resinous or
lacquer binders.
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DOW CORNING CORPORATION
PRODUCT NAME DO CORNING®  |DOW CORNING® MOLYKOTE®
OR CODE 3402 1-3943 557 (Dow Corning
PROPERTIES 1-3944)%
SPECIFICATION MIL-L-23398B AFSL-41 -
COMPOSITION: Lubricant Solid Lube Blend [Solid Lube Blend |Clear Wax-Like
Binder/Carrier and Additives, |(incl. MoSy) Lube,in Fast Evap]
Organic Resip Silicone Resin orating Solvent
APPLICATION: Brush X X X
Dip or Tumble X X X
Spray X, Aerosol X X, Aerosol
CURE CYCLE:  Air Dry Air Dry, 24 Hr. o Air Dry, 75 Hr. Very Fast
Heat 204°C (400°F) - ‘ -
Temp/Time 1.0 fir - -
COMPATIBILITY: 'LOX - - -
Oxygen (gas) - - -
Rocket Fuel L - -
Jet Fuel X P -
Hydrocarbon X P -
Solvents X P -
RADIATION PROPERTIES - - -
OUTGASSING PROPERTIES - - -
USABLE TEMP. Air: (high) 316°C (600°F) 427°C (800°F) 60°C (140°F)
(Llow) ~198°C (~325°F) ~198°C (-325°F) -18°Cc (0°F)
Vacuum: (high) - - -
{low) - - —
LOAD CAPACITY: Force 17,792 N (A,OOOIhJ

Test Method

13,344 N(3 000 1b.)

Falex

Falex

4,448 N (1,000 1b)

Falex

WEAR-LIFE: Load 2,802 N (630 1b.) [2,802 N (630 1b.) |2,802 N (630 1b.)
Test Method LFW~-1 LFW~1 LFW-1
Time 694 Min. 1,111 Min. 62 Min,
Test Cond. 7.9 m. (26 ft/min)}7.9 m. (26 ft/min}]7.9 m. (26 ft/min
FRICTION COEF.; STATIC, Air L 1, L
Vacuum - - -
DYNAMIC, Air
Vacuum - - -
ELECT, CONDUCTIVITY - - -
CORROSION RESISTANCE V.G. P P
VAGUUM WT. LOSS, N/m2 - - -
mg/cm2 - “ -
Vacuum - - -
Time - - -
USES: Rubber & Plastics - - L
ON Wood, Leather, Fibers L L L
Glass & Ceramics X X L
Metals X X X
TYPICAL USES: Gen., Purp. Lub, X L -
Fretting, Galling, Seizing X X X
Cams, Gears, Slide Surf. X X L
Rolling Surf, L L «
Release Agent or Metal Work - X X

NOTES:

E ~ Excellent

V.G, - Very Good
G =~ Good
M - Medium
P -~ Poor
L =~ Limited or Low
~ = No Data or Not

Applicable

X - Satisfactory

Extreme pressure
lubricant, pri-
marily for corro-
sion protection,
Also approved
under followiug
specifications.
RIA~PD~703
RIA-PD~42
MIL-L-40147

Developed as an
antifretting lube
for Titanium (Air
Force Laboratory
development)

fused on plastics.

Clear, colorless,
nontoxic lube.
Excellent for
alum, and other
cold metal work-
ing. “Similar to
557, cscept has
Freon carrier in-
stead chlorothene
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DOW CORNING CORPORATION

PRODUCT NAME

MOLYKOTE® 321 - | MOLYKOTE® 523  |MOLYKOTE®D M-8800 | Dow cORNINGD
OR CODE (Dow~Corning 34004
PROPERTIES 1-3931)*
SPECIFICATION - - - 11-1.-4601
COMPOSITION: Iubricant Solid Lube Blend [Modified TFE Solid Lube Blend }Solid Lube Blend
Binder/Carrier (incl. Mosz) In~ |Incrganic Binder | (incl. MoS,) Plus Additives
organic Binder Resin Binder Thermoset Resin
AFPLICATION: Brush X X X X
Dip or Tumble X X X X
Spray X, Aeroscl X, Aerosol X, Aerosol X
CURE CYCLE:  Air Dry Air Dry, 5 Min. Air Dry, 5 Min.] Air Dry, 4 Hr. -
Heat . - - or 121°C (250°F)|204°C (400°F)
Temp/Tine - - 5 Min, 1.0 Hr.
COMPATIBILITY: LOX X - - -
Oxygen (gas) X - - -
Rocket Fuel X L L L
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents X X X X
G

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 649°C (1200°F) 260°C (500°F) 232°C (450°F) 482°C (900°F)
(low) FIQBGC (~325°F) -198°C (-325°F) +198°C (~325°F) ~198°C (-325°F)
Vacuum: (high) - - - -
(low) - - - -
LOAD CAPACITY: Force 1,120 N (2,500 1b.12,224 N (500 1b.){ 12,232N (2,7501b,)

Test Method

Falex

Falex

Falex

17,3478 (3,900 1b,

Falex

WEAR-LIFE; Load 2,802 N (630 1b,) {2,802 N (630 1b,) {2,802 N (630 1b.){2,802 N (630 1b.)
Test Method LFW-1 LFW~-1 LFW-1 LFW-1
Time 4,861 Min, 69 Min. 4,681 Min. 1,389 Min,
Test Cond. 7.9 m., (26 ft/min)7.9 m. (26 ft/min)7.9 m. (26 ft/min]7.9 m. (26 ft/min
FRICTION COEF.; STATIC, Air - - - “«
Vacuum - - - -
DYNAMIC, Air 0.03-0,07 0.02-0.04 < 0.10 < 0,10
Vacuum - - - -
ELECT. CONDUCTIVITY - - - -
CORROSION RESISTANCE G G V.G. Best
VACUIM WT, LOSS, N/m2 - - - -
mg/o;:m2 - - - - ’
Vacuum - - -
Time - - - -
USES: Rubber & Plastics X X - -
ON Wood, Leather, Fibers L X L -
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen. Purp, Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, L L X X
Release Agent or Metal Work L X - -

NOTES

E - Excellent

V.G. - Very Good
G = Good
M - Medium
P = Poor
L ~ Limited or Low
~ = No Date or Not

Applicable

X = Satisfactory

Extreme erviron-
ment film, Excel,
on alum, Soft £ilm
best on nonphos«
phated surfaces,
Similar to 321,
lvery thin film,
2.54 % 1076 m,
(0.001 m,) - Ex-
perimental

Chemically inert

film having wide

temperature prop-~
erties. Intended
for low load con-
ditions,

Good chemical re-
sistance, For
general use, has
wear~life similar
to heat cured
films,

Best corrosion
resistance of
all films, Ex-~
treme pressure
also, Intend to
protect bearing
surfaces, Has
high friction
during wear-in,
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DOW CORNING CORPORATION

PRODUCT NAME MOLYKOTH®Y MOLYKOTE® X-15 | MOLYKOTEY M-88 |MOLYKOTE® 106
OR CODE SPRAY-KOTE (273)% (Dow
PROPERTIES Corning 1-3923)%%*
SPECIFICATION - MIL-L1-81329 - MIL-L-8937
COMPOSITION: Lubricant MoSy Powder MoS,, Graphite  |Solid Lube Blend [Solid Lube Blend
Binder/Carrier (Microsize) Sodium Silicate [(incl. MoS,) {(incl. MoSj)
Organic Binder Binder Resin Binder Thermoset Resin |
APPLICATION: Brush - X X X
Dip or Tumble X X X X
Spray Aerosol¥ X X X
CURE CYCLE:  Air Dry Air Dry - 10 Min.| 2 Hr. at R.T. Air Dry ~ 24 Hr. -
Heat - or 82°C (180°F) - 149°C (300°F)
Temp/Time = for 2 Hr. & 149° - 1.0 Hr.
(300°F) 2 Hr.
COMPATIBILITY: LOX - X - -
Oxygen (gas) - X - -
Rocket Fuel - X - -
Jet Fuel L X L X
Hydrocarbon L X L X
Solvents - L L X
RADIATION PROPERTIES -(Gamma) - 5 x 109 - -
OUTGASSING PROPERTIES - - Unacceptable
USABLE TEMP, Air: (high) 399°C (750°F) 649°C (1200°F) 232°C (450°F) 232°C (450°F)
(low) -73°C (-100°F) -198°C (~325°F) -198°C (~325°F) |-198°C (-325°F)
Vacuum: (high) - - - -
(low) - - ) - -
LOAD CAPACITY: Force 9,990N (2,250 1b.J9,990N (2,250 1b.)|6,672N @,500 1b.)[15,568N (3,500 1b.

Test Method

Falex

Falex

Falex

Falex

WEAR-LIFE: Load 2,802N (630 1b.) |2,802N (630 1b.) {2,802N (6301b.) 2,802N (630 1b.)
Test Method LFW-1 LFW-1 LFW-1 LFW-1
Time 625 Min. 834 Min. 1,389 Min. 6,250 Min.
Test Cond, 7.9m. (26 ft/min) {7.9m, (26 ft/min)|7.9m. (26 ft/min)}7.9m, (26 ft/min)
FRICTION COEF.; STATIC, Air L M L L
Vacuum L M L . L
DYNAMIC, Air 0.03-0.07 M 0.03-0.07 0.03-0.07
Vacuum - M L L
ELECT, CONDUCTIVITY - ~- - -
CORROSION RESISTANCE L G Fair G
VACUIM WT. LOSS, N/m? - ~ - -
mg/cm® - - _
Vacuum - -
Time - - -
USES: Rubber & Plastics L - X -
ON Wood, Leather, Fibers EX - X -
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen, Purp., Lub, X X X X
Fretting, Galling, Seizing i X X X
Cams, Gears, Slide Surf. X X X X
Rolling Surf., 1 X L L
Release Agent or Metal Work X - - -

NOTES:

Excellent

Very Good

- Good

Medium

Poor

Limited or Low
No Data or Not
Applicable
Satisfactory

o oR O Qo
¥

Fasy to apply
MoS, powder, ad-
heres to most sur
faces, highly
polished and not
degreased, Tor low
loads, Film is
soft and washes~
off with mest
fluids.

Extreme environ-
ments; temp.
vacuum, radiation
LOX compt. Rela-
tively high fric-
tion and break-
in is difficult.

Easy to apply.
Low friction, and
for good wear and
extreme loads.
Good for polished
surfaces. Easiest
film to apply.

Good adhesion, and
chemical resist-
ance. Most widely
used. Dow heat
cured bonded film.
*Similar to 106
but contains no
graphite.#%1-3923
(Experimental) is
an alternate for
106,
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DRILUBE

COMPANY

PRODUCT NAME

RADIATION PROPERTIES

OR CODE DRILUBE 867 DRILUBE 868 DRILUBE 869 DRILUBE 870
PROPERTIES
SPECIFICATION - - - =
COMPOSITION: Lubricant Molybdenum Molybdenum Tungsten Tungsten
Binder/Carrier Diselenide Tellurium Diselenide Tellurium
Silicate Binder Silicate Binder | Silicate Binder | Silicate Bipder
APPLICATION: Brush L L L L
Dip or Tumble L L L L
Spray Best Best Best Best
CURE CYCLE: Air Dry Air Dry, 1.0 Hr., {Air Dry, 1.0 Hr, [Air Dry, 1.0 Hr. JAir Dry, 1.0 Hr.
Heat 82°C (180°F),2 Hr.|82°C (180°F) 2 Hr|82°C (180°F) 2 Hr|82°C (180°F) 2 Hr
Temp/Time 204°C (400°F) for|204°C (400°F) for|204°C (400°F) for|204°C (400°F) for
4 Hr, 4 Hr. 4 Hr, 4 Hr,
COMPATIBILITY: LOX X X X X
Oxygen (gas) X X X X
Rocket Fuel - - - -
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents X X X X

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 538°C (1000°F) > 538°C (51000°F) |> 538°C (>1000°F) |> 538°C (> 1000°F)
(low) Cryogenic Cryogenic Cryogenic Cryogenic

Vacuum: (high) 1093°C (2000°F) {> 1093°C (>2000°F}> 1093°C(>2000°F) |> 1093°C (>2000°E)
(low) Crvogenic Cryogenic Cryogenic Cryogenic

LOAD CAPACITY: TForce V.G, V.G. V.G. V.G,

Test Method - - - =

WEAR-LIFE: Load ~ - - -

Test Method -~ - - -
Time P ©) P (G) P (G) P (6)
Test Cond. R.T. (Hi-T) R.T. (Hi-T) R,T. (Hi-T) R.T. (Hi-T)

FRICTION COEF.; STATIC, Air L L L L

Vacuum 1 L L L
DYNAMIC, Air 1L L L L
Vacuum L L L L

ELECT, CONDUCTIVITY -~ - - -

CORROSION RESISTANCE Fair Fair Fair Fair

VACUWM WT, LOSS, N/m? - - - -

mg/cm2 - - - -
Vacuum - - - -
Time -~ - -

USES: Rubber & Plastics - - - -

OoN Wood, Leather, Fibers - - - -
Glass & Ceramics X X X X
Metals X X X X

TYPICAL USES: Gen, Purp, lub, X X X X

Fretting, Galling, Scizing X X X X
Cams,. Gears, Slide Surf, X X X X
Rolling Surf. L L L L

Release Agent or Mctal Work

NOTES:

E - Excellent

V.G. - Very Good
G =~ Good
M = Medium
P - Poor
L =~ Limited or Low
~ = No Data or Not

Applicable

X - Satisfactory

Very expensive
film for extreme
temperature and
hard vacuum., LOX
compt.

Special purpose
applications,

Very expensive
film for very
high temperature
and vacuum. LOX
compt.

Special applica-
tions.

Very expensive
film for very
high temperature
and vacuum, LOX
compt, and for
special purposes,

Very expensive
film for very
high temperature
and vacuum, LOX
compt, and for
special purposes.
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DRILUBE COMPANY

PRODUCT NAME

OR CODE DRILUBE 1A DRILUBE 701 DRILUBE 805 DRILUBE 861
& 702
PROPERTIES
SPECIFICATION MIL~L~8739 - - -
COMPOSITION: Lubricant MoSy, Graphite ' MoS,/SrCr0y MoS,* Tungsten Disulfide
Binder/Carrier Epoxy Blend ngsghoric Silicate Binder |[Silicate Binder
: nder
APPLICATION: Brush X X (702) - L
Dip or Tumble X ‘X (701) - L.
Spray Best X (701) X Best
CURE CYCLE: Air Dry - - Air Dry, 1.0 Hr. [Air Dry, 1.0 Hr.
Heat 191°C (375°F) 204°C (400°F) 82°C (180°F) 2 Hr482°C (180°F) 2 Hr
Temp/Time 1.0 Hr. 1.0 Hr. 204°C (400°F) for|204°C (400°F) for
4 Hr. 4 Hr.
COMPATIBILITY: LOX - b4 X* X
Oxygen (gas) - X X% X
Rocket Fuel - - - -
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents X L X
RADIATION PROPERTIES = - - -~
OUTGASSING PROPERTIES Acceptable - - -

Release Agent or Metal Work

USABLE TEMP, Air: (high) 260°C (500°F) 371°C (700°F) 371°C (700°F) 399°C (750°F)
(low) ~ 184°C (-300°F) ~240°C (-400°F) ~240°C (-400°F) Cryogenic
Vacuum: (high) 316°C (600°F) 649°C (1200°F) 649°C (1200°F 760°C (1400°F)

{low) F184°C (~-300°F) -240°C (~400°F) -240°C (-400°F) Cryogenic

LOAD CAPACITY: Force G G V.G. V.G.
Test Method - - - -
WEAR-LIFE: Load - - - -
Test Method - - - -
Time E (G) P () P (G) P G)

Test Cond. Air (Vacuum) R.T. (Hi~T) R.T. (Hi-T) R.T. (Hi-T)

FRICTION COEF.; STATIC, Air L L L L
Vacuum L L L L
DYNAMIC, Air L L L L
Vacuum 1, L L L
ELECT, CONDUCTIVITY - - - -

CORROSION RESISTANCE G Fair Fair Fair
VACUIM WT, LOSS, N/m? - - - -
mg/cm - - - -
Vacuum - - - -
Time -
USES: Rubber & Plastics - - - -
OoN Wood, Leather, Fibers - - - -
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen, Purp, Lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Burf, X X L L

NOTES:

~ Excellent

- Very Good

Good

- Medium

- Poor

- Limited or Low
- No Data or Not
Applicable
Satisfactory

<3
LI - B P ta
¥

>
'

Excellent wear-
life., Resist heat
or pressure, Used
on aircraft, elec
tronic and indus-
trial items, Dri-
lube 1B is simi-
lar but cured at
177°C (350°F).
Not to MIL-L-8739

LOX compt. Good
high temp, wear-
life and other
properties,
Binder ‘is acidic
and contact with
skin should be
avoided, R.T.
properties are
fair.

High load film,
for high temp.
LOX compt.
*Graphite is
sometimes added,
BOS is then not
LOX compt.

High cost lube
for use at high
temp, and vacuum
LOX compt, Spe-
cial purpose
applications,
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DRI-SLIDE, INC.

PRODUCT NAME

OR CODE DRI-SLIDE®
PROPERTIES
SPECIFICATION -
COMPOSITION: Lubricant MoSy, Volatile
Binder/Carrier carrier and anti-
corrosion additivé
APPLICATION: Brush X
Dip or Tumble L
Spray L
CURE CYCLE: Air Dry X
Heat -
Temp/Time -
COMPATIBILITY: LOX -
Oxygen (gas) -
Rocket Fuel -
Jet Fuel X
Hydrocarbon X
Solvents L

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP, Air: (high) 399°C (750°F)
(iow) ~101°C {(~150°F)
Vacuum: (high) 538°C (1000°7)
(low) -101°¢ (-150°F)
LOAD CAPACITY: Force 6.9 x 10° N/m?

(100,000 psi)

Test Method Falex

WEAR-LIFE: Load High
Test Method -
Time C
Test Cond, -
FRICTION COEF.; STATIC, &ir L
Vacuum L
DYNAMIC, Air L
Vacuum L
EIECT., CONDUCTIVITY -
CORROSION RESISTANCE G
VACUWM WT. LOSS, N/m? -
mg/cm2 -
Vacuum -
Time -
USES: Rubber & Plastics X
ON Wood, Leather, Fibers X
Glass & Ceramics X
Metals X
TYPICAL USES: Gen, Purp. Lub. X
Fretting, Galling, Seizing X
Cams, Gears, Slide Surf, X
Rolling Surf, X
Release Agent or Metal Work X

NOTES :
E - kExcellent
V.G. - Very Good
G - Good
M - Medium
P - Poor
L - Limited or Tow

- =« No Data or Not
Applicable
X . - Satisfactory

Good for general
lubrication of
nachinery, tools,
office machinery,
hears, sliding
surfaces, etc.
jContains a rust
inhibitor.
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ELECTROFIIM, INC.

PRODUCT NAME

OR CODE LUBE-LOK
LUBE~LOK LUBE~LOK 2306 LUBE-LOK
PROPERTIES 66-C 2006 (2396)* 2406
SPECIFICATION - - NASA-1367 o
COMPOSITION: Lubricant MoSy/Graphite Yo8, /Graphite MoS, Graphite
Binder/Carrier Phenolic Resin Silicone~ Sodium Silicate Polyimide
Formaldehyde
APPLICATION: Brush X L L L
Dip or Tumble X - L L
Spray X Best X X
CURE CYCLE:  Air Dry - ’ - - -
Heat 191°C (375°F) 260°C (500°F) 82°C (180°F) 2 Hr. -+ 82°C(180°H2 Hr.+
Temp/Time 1.0 Hr, 2 Hr. 204°C(400°FH 2 Hr. | 204°C(400°F)2 Hr.
COMPATIBILITY: LOX Batch Test - X £
Oxygen (gas) Batch Test - X X
Rocket Fuel Ratch Test - z X
Jet Fuel X X X X
Hydrocarbon X L X X
Solvents X L L L

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 371°C (700°F) 454°C (850°F) 426°C (800°F) 454°C (850°F)
(low) -184°C (~300°F) ~184°C (-300°F) -251°C (-420°F) -251°C(~420°F)

Vacuum: high) - - - -
(Low) - - - -

LOAD CAPACITY: Force Hiigh Good 1.
Test Method = - - -

WEAR~LIFE: Load 5,52 x 108 N/m2 | 2,802 N(63C 1b.) M
Test Method (80,000 psi) Macmillan - -
Time Macmilian,70 lir. 160 Ur - -
Test Cond, 7.9 w.(26 ft/min) 7.9 m.(26 ft/min) - -
FRICTION COEF.; STATIC, Air N 0.10-0.13 L 1.
Vacuum - - - -

DYNAMIC, Alr 0.04 0.025-0.05 L
Vacuum - - - -
ELECT. CONDUCTIVITY . - -
CORROSION RESISTANCE , G L - -
VACUIM WI. LOSS, N/m? - i - -
mg/m:l - ! - -
Vacuum - { - -
Time - - = -
USES: Rubber & Plastic: - ~ = -
ON Wood, lLeather, Fibers - - - -
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen, Purp. lLub, X L L L
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X R 1 L
Rolling Surf., X X X X

Release Agent or Mctal Work

NOTES:

- Excellent

- Very Good

Good

~ Medium

- Poor

~ Limited or Low
- - No Data or Not
Applicable
Satisfactory

v.

YR QOO N
1

>~
1

General purpose
solid film lube
for heavy duty
and good wear-
Life, Third in
volume usage

among electro-
£ilm heat cured
solid lubes.

For hich loads and
excellent wear-
{ife and high
temp. Jet and
missile applica=-
tions. Fourth in
v lume usage
among electro-
film heat cured
501id lubes.

Rolling clement

vacuum,
* 2394 contains
Sy /graphite

and has proper-
ties similar lo
2306, and meets
MIL-L-81329 and
temp. Lo 454°C
(850°F) '

bearings and high

General use at
high temp.

Lube properties
not as good as
MnSy films. May)|
be used with
Ny0Oy, NoHy, and
aerozene.
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ELECTROFIIM, INC.

PRODUCT NAME

OR CODF LUBRI-BOND LUBRI-BOND ELECTRO-MOLY ELECTRO-GRAPH
M N Grade 1
PROPERTIES
SPECIFICATION - WS 9004 MIL-M-7866 MIL-G-6711
COMPOSITION: Lubricant MoS2 NBSe, MoS, Graphite
' Binder/Carrier Freon Phenolic Powder Powder
APPLICATION: Brush L L L L
Dip or Tumble L L i, L
- Spray Best Best - -
CURE CYCLE: Air Dry Air Dry Air Dry - -
Heat - - - -
- Temp/Time - - - -
COMPATIBILITY: LOX Batch Test _ X X
Oxygen (gas) Batch Test - X X
Rocket Fuel Batch Test - X X
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents X ° X X X
RADIATION PROPERTIES - - - -
OUTGASSING PROPERTIES - -
USABLE TEMP, Air: (high) 371°C (700°F) 371°C (700°F) 371°C (700°F) 1093°C (2000°F)
(low) -73°C (-100°F) -73°C (-~100°T) -196°C (-320°F) ~-196°C (-320°F)
Vacuum: (high) - - - -
(low) - - - -
LOAD CAPACITY: Force ‘G M G G
Test Method - - - -
WEAR-LIFE: TLoad L L M M
Test Method - - = -
Time - - -
Test Cond. - - - -
FRICTION COEF,; STATIC, Air L I L L
Taeuum - - - -
DYNAMIC, Air L L L
Vacuum - -
ELECT. CONNUCTIVITY - ¢ - G
CORROSION RESISTANCE M L X X
VACUUM WI. LOSS, N/m2 - - -
mg/r:m2 = - -
Vacuum - - - . -
Time - . - -
USES: Rubber & Plastics X X X X
ON Wood, Leather, Fibers X X X X
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen, Purp. Lub. X )4 X X
Fretting, Galling, Seizing X i X X
Cams, Gears, Slide Surf, L L X X
Rolling Surf, L L X X
Release Agent or Metal Work X - X X

NOTES:

Excellent

Very Good

=~ Good

Medium

- Poor

- Limited or Low
No Data or Not
Applicable
Satisfactory

Touch-up £ilm,
high loads and
short wear-life.
Third in volume
usage of electro-
film air dry
solid lubes.

High temp., air
drv solid film
lube. Second in
volume usage of
clectrofilm air
dry films.

Granular form of
s0lid film lube,
for burnishing or
rub~on applica-
tion, Fourth ir
volume usage of
clectrofilm aijr
dry solid luabes,

Granular selid
film for rub-on
or burnishing.
High temp. use.
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ELECTROFIIM, INC.

LUBE~1OK

PRODUCT NAME LUBE-LOK LUBE-LOK
OR CODE 2606 4306 5396 LUBRI-BOND
PROPERTIES (2696) (4396)*% (5306)* A
SPECIFICATION - NASA-A-D~66A MIL-L-8937% MIL-1-23398
COMPOSITION: Lubricant WSy MoSy MoS, MoS,~Graphite
Binder/Carrier Sodium Silicate Phenolic Phenolic Phenolic
APPLICATION: Brush L X X -
Dip or Tumble L X X -
Spray X X X %, Aerosol
CURE CYCLE: Air Dry - - - Air Dry, 30 Min,
Heat B2°C(180°F)2 Hr, +| 191°C (375°F) -149°C (300°F) -
Temp/Time D04.°C (400 °F) 2 Hr, 1-1/2 Hr. 1.0 Hr, -
COMPATIBILITY: LOX X - ~ -
Oxygen (gas) X - o -
Rocket Fuel X - - -
Jet Fuel X X X X
Hydrocarbon - X X X X
Solvents L X X X

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP, Aiv: (high) 510°C (950°F) 316°C (600°F) 316°C (600°F) 316°C (600°F)
(low) -184°C (-300°F) -184°C (~300°F) -184°C (-300°F) -184°C (-300°F)
Vacuum: (high) - - = -
(Yow) - - - -
LOAD CAPACITY: Force G G 4 M
Test Method - - ~ -
WEAR-LIFE: Load M 2,802 N (630 1b.) E G
Test Method - Macmillan - -
Time - 60 Hr. G -
Test Cond. - 7.9 m.(26 ft/min) - -
FRICTION COEF,; STATIC, Air i L 0.02 0.08

Jacuum - . - -

DYNAMIC. Air I 0.02-0.04 0.03-0.06
Vacuum - - - -
ELECT. CONDUCTIVITY - - - L
CORROSION RESISTANCE - X X X
VACUUM WT. 1.0SS, N/m? - - - -
mg,‘:m? - . - -
Vacuum - -
Time - - -
USES: Rubber & Plastics - L - £
ON Wood, Leather, Tibers - L - X
Glass & Ceramics X ¥ X X
Metals X X X X
TYPICAL USES: Gen. Purp. Lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X >4
Rolling Surf. X X X X
Release Agent or Metal Work - - - -

NOTES:
E - Excellent

V.G, - Very Good
- Good
Medium
- Poor
~ Limited or Low
No Data or Not
Applicable
Satisfactory

Moy R R
s

Low friction film
for high temp.,
less oxid.,than
MoS).

% 2696 also con-
tains graphite and
has properties
similar to 2606.

Heavy-duty film
for use where
graphite is not
allowed,

% 4396 is simi-
lar but has
small quanity of
graphite, Sccond
in volume usage
among electro=
film heat cured
solid lubes,

Low temp, cure.
Goad chem. resis
¥* 5306 is simi-
lar and meet
MI1~1-8937A Spec.
5396 is most used
electrofilm ncat
cured solid film,
5306 is very
close second.

Most widely uscd
air dry electro-
film solid film
lube, General
use for light-
medium load and
wear~life.
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ELECTROFIIM, INC.

PRODUCT NAME

OR CODE LUBRI-BOND
HT
PROPERTIES
SPECIFICATION AFSL-41
COMPOSITION: Lubricant MoS2-Sby03
Binder/Carrier Silicone
APPLICATION: Brush X
Dip or Tumble -
Spray -
CURE CYCLE: Air Dry Ajir Dry
Heat
Temp/Time 72 Hr.
COMPATIBILITY: LOX -
Oxygen (gas) -
Rocket Fuel -
Jet Fuel X
Hydrocarbon X
Solvents X

RADTATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 399°C (750°F)
(low) ~196°C (=320°F)
Vacuum: (high) -
(low) -
LOAD CAPACITY: Force > 11,120 N
(> 2,500 1b.)
Test Method Falex
WEAR-LIFE: Load 2,802 N(630 1b.)
Test Method Macmillan
Time > 380 Hr.
Test Cond, 7.9 m.(26 £t/min)
FRICTION COEF,; STATIC, Air L
Vacuum -
DYNAMIC, Aix 0.02
Vacuum -
ELECT. CONDUCTIVTITY -
CORROSION RESISTANCE G
VACUUM WT. LOSS, N/m? -
mg,/::m2 -
Vacuum -
Time -
USES: Rubber & Plastics X
ON Wood, Leather, Fibers X
Glass & Ceramics X
Metals X
TYPICAL USES: Gen, Purp. Lub, X
Fretting, Galling, Seizing X
Cams, Gears, Slide Surf, X
Rolling Surf, X
Release Agent or Metal Work X

NOTES:

E - Excellent
V.G. - Very Good
G - Good
M -~ Medium

P - Poor

L - Limited or Low

- - No Data or Not
Applicable

X - Satisfactory

Air dry -olid
film lube de~
veloped by Air
Force Laboratory
Good for use on
titanium,
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EVERLUBE CORPORATION

PRODUCT NAME

OR CODE EVERLUBE EVERLUBE EVERLUBE INLOX
620 626 811 44 & 88
PROPERTIES ]
SPECIFICATION SEE NOTE* - MIL-L-81329%
CMPOSITION: Lubricant MoSp MoS2 MoSZIGraphite MoSZ/Graphite
Binder/Carrier Phenolic Resin Phenolic Resin Sodium Silicate Phosphoric Acid
' (modified) (modified) Binder
APPLICATION: Brush X X .- X -
Dip or Tumble X X X -
Spray Best _Dest : Rest X
CURE CYCLE:  Air Dry - - Wir-Dry, 15 mm, + pir-Dry, 30 Min,
Heat 191°C (375°F) 149°C (350°F) b6°C(150°F)2 Hr, khen 191°C (375°F)
Temp/Time 1.0 dir. 1.0 Hr. nd 204°C (400°F) | 1-1/2 Hr.
- . Hr,
COMPATIBILITY: .LOX - - X - X
Oxygen (gas) - - X X
Rocket Fuel L 1 L X
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents X X X X
RADIATION PROPERTIES . - v.C. -

OUTGASS ING PROPERTIES

USABLE TEMP. Air: (high) 260°C (500°F) 260°C (500°F) 649°C (1200°F) 371°C (700°F)
(low) -221°C (-365°F) -221°C (-365°F) ~240°C (-400°F) -240°C (-400°F)
Vacuum: (high) - - X X
(1ow) ~ - X X
LOAD CAPACITY: Force . 6.9 x 108 N/mZ - 10.4 x 108 &/mZ -
(> 100,000 psi) (> 150,000 psi)
Test Method Falex - - -
WEAR-LIFE: Load 2,224 N (500 1Ib.) _ IS N
Test Method IFalex _ _ R
Time > 70 Hr. R _
Test Cond. 7.9 m.(26 {t/min) - . -
FRICTION COEF.; STATIC, Air < 0.10 1 I L
Vacuum - - L 1
DYNAMIC, Alr ke 0.10 L L L
Vacuum - - L L
ELECT. CONDUCTIVITY R _ i R
CORROSION RESISTANCE G G ] I
VACUUM WT. LOSS, N/m? - - Negl. Negl.
mg/cm2 - - - -
Vacuum - - 1.33 x 10-7 N/m? -
Time - - -
USES: Rubber & Plastics X X - -
ON Wood, Leather, Fibers Y X - -
Glass & Ccranmics % x X X
Metals X X X X
IYPICAL USES: Cen, Purp, lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears; Slide Surf, X X X X
Rolling Surf, . X X X X
Release Agent or Metal Work - - - -
*MIL-1.~8937 For general use, ! £.P, and high Antiscize coat-

NOTES: E

Excellent

Very Gond

Gaod

Medium

Poor

Limited or Low
No Data or Not
Applicable
Satisfactory

Good adhesion,
antiseize and
fluid resistance.

excellent [luid
resistance. Good
antifriction

film but
pood as A20,

not as

temp., radiation
and vacuum,
*Also to NASA
Spec. MSFC-106,
-143,-238. KSC-
F-124 and NASA

indust ., spec.

1008939 and many

ing threads, [it-
tings, copuplings)]

etc, Primarily
for cryogenic
use.

*Also NASA 1367
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EVERLUBE CORPORATION

Release Agent or Mectal Work

PRODUCT NAME io) )
OR CODE ECOALUBE EVERLOX EVERLURE PERMA-SLIK
642 16, 17, 18 967
PROPERTIES .
SPECIFICATION MIL-L-46010 - MIL-L-46009
APPLICATION: Brush 057 - Metallic 05, and MoS,, Corrosion [ MoS,/Graphite
Dip or Tumble O E e 1, 5oT o8 1o | chemical Bonded | Gonpound. N Y Volatile Resin
Spray esin Binder Rinder
APPLICATION: Brush X - - X
Dip or Tumble X - - X
Spray Best X X Best
"CURE CYCLE: Air Dry - - Ajr-dry, 15 min.
Heat 204°C (400°F) 149°C (300°F) and 66°C (150°F) -
Temp/ Time 1.0 Hr. 1.0 ur, 1.0 Hr. and 302°C] -
L575°F), 1.0 Hr
COMPATIBILITY: LOX - X - -
Oxygen (gas) - X - -
Rocket Fuel - X L 1
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents 1 L X 1,
RADIATION PROPERTIES _ G R _
OUTGASSING PROPERTIES - - - -
USABLE TEMP, Air: (high) 260°C (500°F) X 399°C (750°F) 260°C (500°F)
(low) -221°C (~365°F) | Cryogenic -184°C (-300°F) | -184°C (-300°F)
Vacuum: (high) - X - -
(low) - X - -
LOAD CAPACITY: Force 8,896N (2,000 1) G 6.9 x 108 N/m? G
(100,000 psi)
Test Method valex - - -
WEAR-LIFE: Load 4,448N (1,000 1b) G G M
Test Method Falex - - -
Time > 450 mm. - - -
Test Cond, Ambient - - -
FRICTION COEF,; STATIC, Air L - L L
Vacuum - - - -
DYNAMIC, Air L _ L
Vacuum - - - -
ELECT, CONDUCTIVITY - - - -
CORROSION RESISTANCE V.G, e G L
VACUWM WT. LOSS, N/m? - X - -
mg/cm2 - X - -
Vacuum - X - -
Time - X - -
USES: Rubber & Plastics - IR - X
ON Wood, Leather, Fibers - Lk " X
Glass & Ceramlcs ” X X X X
Metals X X X X
TYPICAL USES: Gen, Purp, Lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X X

NOTES ¢

v
1A

G

V.G,

Excellent

- Very Good

- Good

- Medium

- Poor

- Limited or lLow
No Data or Not
Applicable
Satisfactory

i

Good corrosion
resist., reduce
wear, prevent
galling. Good
adhesion and
fluid resist.,
for parts in
storage or
adverse environ-
ment .

Antiseize and
antigalling {ilm
For cryogenic use
*EVERLOX-17, 18
an air-drying
form of this film]

Special high temp
film. For use by
aircraft, space-
craft, missile
and general
industry,

Prevent wear and
reduce galling,
General applica-
tion, office,
shop, machinery,
«=-bearings,
gears, valves,
nuts, fitrings,
cte,
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FEL-PRO, INC.

PRODUCT NAME

OR CODE FEL~PRO FEL-PRO FEL~PRO FEL-PRO
C-200 c-300 C-640 C-651A
PROPERTIES
SPECIFICATION - - MIL-1-8937 MIL-L-46010A
COMPOSITION: Lubricant MoS; blended lubejMoS, blended lubejMoS; blended lube|MoS, blended lube
Binder/Carrier Organic Binder Semi -inorganic Epoxy-phenolic no Graphite
Binder Binder RFQEZ;P enolic
APPLICATION: Brush X X X X
Dip or Tumble X - X X
Spray X X X X
CURE CYCLE:  Air Dry - Air-dry - 24 Hr. - -
Heat 260°C (500°F) - 163°C (325°F) 204°C (400°F)
Temp/Tine 1/2 #ur. - 1.0 Hr. 1.0 Hr.
COMPATIBILITY: LOX - - - -
Oxygen (gas) - - - -
. Rocket Fuel - - - -
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents L L X X
RADIATION PROPERTIES N i R i
OUTGASSING PROPERTIES - Acceptable - -

USABLE TEMP. Air: (high) 816°C (1500°F) 649°C (1200°F) 288°C (550°F) 316°C (600°F)
(low) -54°C (-65°F) -54°C (~65°F) ~73°C (-100°F) -73°C (-100°F)
Vacuum: (high) 1316°C (2400°F) X - -
) (Low) -54°C (~65°F) X - -
LOAD CAPACITY: Force 15,568 N 16,680 N 11,120 N 7,780 N
(3,500 1b,) (3,750 1b.) (2,500 1b.) (1,750 1b.)
Test Method Falex Falex Falex Falex
WEAR-LIFE: Load t,448 N (1,000 1b,) | 4,448 N (1,0001) |4,448 N (1,000 1b.)I4,448' N (1,000 1h)
Test Method Falex Falex Falex Falex
Time > 150 Min. 164 Min, 180 Min, 300 Min,
Test Cond. Ambient Ambient Ambient Ambient

FRICTION COEF.; STATIC, Air L 1L L L

Vacuum - - - -
DYNAMIC, Air 0.07 - 0,11 0.07 - 0.11 0.07 - 0.11 < 0,07
Vacuum - - - -

ELECT, CONDUCTIVITY - - - .

CORROSION RESISTANCE G M V.C. V.G.

VACUWM WT. LOSS, N/m? - - - -

mg/cm2 - - - -
Vacuum G - -
Time - - - -

USES: Rubber & Plastics - L - -

ON Wood, Leather, Fibers - L - -
Glass & Ceramics X X X X
Metals X X X X

TYPICAL USES: Gen. Purp. Lub, X X X X

Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X X
Release Agent or Metal Work - - - X

NOTES:

Excellent

- Very Good

- Good

Medium

- Poor

Limited or Low
No Data or Not
Applicable
Satisfactory

FeR oo m
T (]

1
1

Extreme loads,
temp. and med,
speed, Widely
used on aircraft
and missiles--
on steels, Mag,,
Titanium, Alum.,
etc.

Used on aero,,
automotive and
general machineryl
Improved prop-
erties are obtain
ed by heat cure
at 260°C (500°F)
for 1/2 hr.

Very good solvent]
and corrosion
resistance, for
wide variety of
materials and
products.

Excellent ‘wear
characteristics
corrosion resist
and release
properties,
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GENERAI, MAGNAPLATE CORPORATION

PRODUCT NAME

® ® ®
OR CODE TURFRAM® NEDOX CANADTZING UL -T-LUBE
PROPERTIES
SPECIFICATION - - -7 -
COMPOSITION: Lubricant TFE impregnated |PTFE & nickel Proprietary film |Proprietary film
Binder/Carrier on Al,03 surface film, proprietary for Titanium and process
(proprietary) DrOCeSsS . (sce note)
APPLICATION: Brush - - -
Dip or Tumble " - - -
Spray See Note See Note Sce Note See Note
CURE CYCLE:  Air Dry See Note See Note See Note See Note
Heat " _ _ -
Temp/Time = . - .
COMPATIBILITY: LOX - ~ impact Semsitive
Oxygen (gas) - - - L
Rocket Fuel - - - No
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents X X L X
RADIATION PROPERTIES X X X X
OUTGASSING PROPERTIES X X X X

USABLE TEMP. Air: (high) 316°C (600°F) 260°C (500°F) 371°C (700°F) 538°C (1000°F)
(Low) -268°C (-450°F) lcryogenic cryogenic -54°C (-65°F)
Vacuum: (high) - - - -
(Low) - - - -
LOAD CAPACITY: Force v.G. - - High
Test Method - - - -
WEAR-LIFE: Load V.G. G G High
Test Method - - - -
Time - - G
Test Cond. - - - -
FRICTION COEF,; STATIC, Air 0.04 -.0.08 0.04 - < 0,10
Vacuum} 1 - - -
DYNAMIC, Air 0.04 - 0.08 0,04 - < 0,10
Vacuum L - - > -
ELECT, CONDUGTIVITY Non-Cond. . X R
CORROSION RESISTANCE v.é. V.G. v.C. -
VACUUM WT. LOSS, N/m? Nil - - -
mg/cm2 - - - -
Vacuum o 10‘6 - - -
Time - - = -
USES: Rubber & Plastics - - - -
ON Wood, Leather, Fibers - - -
Glass & Ceramics - - -
Metals Aluminum Ferrous & Copper |Titanium X
TYPICAL USES: Gen, Purp. Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X X
Release Agent or Metal Work X X X -
NOTES: Electrochemical Flectrochemical Electrochemical | Good adhesion,
E - Excellent bonded film for |bonded film of bonded hard film | and heat cond,
V.G, - Very Good alum, Hard film {hard-nickel & impregnated with | Proprietary film
G ~ Good good wear and PTFE. Resist TFE, MoS, or and cure cycle,
M = Medium abrasion prop. abrasion and Graphite. Resist| Primarily for
P - Poor corrosion resist.lcorrosion. Pro- |corrosion and has| high strength
L - Limited or Low low friction and | prietary process }high fatigue- and high temp.
-~ = No Data or Not good heat trans- |and heat treat, strength bearing
Applicable fer. film for steel prop.
X - Satisfactory and copper alloys.
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GENERAL, MAGNAPLATE CORPORATION

PRODUCT NAME
OR CODE

PROPERTIES

MAGNALUBE®

D-801

MAGNALUBE®
D-4821

MAGNALUBE
D-5261

SPECIFICATION

CMPOSITION: Lubricant

Binder/Carrier

MoSy Modified
Resin Binder

Matrix solid film

(MoSZ), Metallic
Bond

Solid film

and volatile
binder

APPLICATION: Brush
Dip or Tumble

Spray

X
X
Best

X
X
Best

X
X
Best

CURE CYCLE: Air Dry
Heat

Temp/Time

191°C (375°F)
1.0 Hr,

177°C (350°F)
1.0 Hr,

Air-dry - 30 Min.

COMPATIBILITY: LOX

Oxygen (gas)
Rocket Fuel
Jet Fuel
Hydrocarbon
Solvents

s P X4t

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP., Air: (high)
(low)
Vacuum: (high)

(Llow)

260°C (500°F)
~54°C (-65°F)

260°C (500°F)
-54°C (-65°F)

LOAD CAPACITY: Forxce

Test Method

M

WEAR-LIFE: Load

Test Method
Time

Test Cond,

2802 N (630 1b.)
MacMillan

> 80 Hr.

Ambient

FRICTION COEF,; STATIC, Air
Vacuum
DYNAMIC, Air

Vacuum

0.012 - 0.03

0.025 - 0.030

0.10 - 0.40

ELECT, CONDUCTIVITY

CORROSION RESISTANCE

VACUWM WT, LOSS, N/m2
mg/cm2
Vacuum
Time

USES:
ON

Rubber & Plastics
Wood, Leather, Fibers
Glass & Ceramics
Metals

]

TYPICAL USES: Gen, Purp. Lub,
Fretting, Galling, Seizing
Cams, Gears, Slide Surf,
Rolling Surf,

Release Agent or Metal Work

>qopd oo

Mo M oxip

T ) o

NOTES:

E - Excellent
G. - Very Good
G -~ Good
- Medium
Poor
-~ Limited or Low
No Data or Not
Applicable
Satisfactory

V.

[~ R 4
d

Durable solid
film for many
uses, Prevents
galling, seizing,
cold welding,
fretting corro-
sion, etc, For
severe environ-
ments,

High bearing
pressure, temp.
and high speed
applications.
Good for severe
environments,

Good adhesion
and low friction
for part assembly]
and general use,
Reduces wear,
seizing and
galling.
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H, A, HENDERSON COMPANY

PRODUCT NAME

OR CODE HENDERLUBE HENDERLUBE HENDERLUBE
PROPERTIES 4024 413 4624
SPECIFICATION MIL-1-8937A MIL-L-46010A -
COMPOSITION: Lubricant MoSy, Corrosion |MoS,, Corrosion MoSg,.CorrOSion
Binder/Carrier Inhibitor and Inhibitor and | Inhibitor and
Modified Phenolic|Modified Epoxy ' |Modified Silicone
APPLICATION: Brush X X X
Dip or Tumble X X X
Spray ' X Best Best
CURE CYCLE: Alir Dry - - -
Heat 163°C (325°F) 177°C (350°F) 232°C (450°F)
Temp/Time 30 Min, 1.0 Hr, -2 Hr.
COMPATIBILITY: LOX No No* -
Oxygen (gas) L L -
Rocket Fuel L L -
Jet Fuel X X -
Hydrocarbon X X -
Solvents L L -

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP, Air: (high) 260°C (500°F) 260°C (500°F) 454°C (850°F)
(low) -73°C (-100°F) -73°C (~100°F) =73°C (~100°F)
Vacuum: (high) - - 593°C (1100°F)
(low) = - -73°C (-100°F)
LOAD CAPACITY: Force 13,789 N 10,008 N -
(3,100 1b.) (2,250 1b.)
Test Method Falex Falex -
WEAR-LIFE: Load 4,448 N(1,0001b.) |4,448 N(1,0001b) -
' Test Method Falex Falex -
Time > 330 Min, > 600 Min. -
Test Cond. Ambient Ambient -
FRICTION COEF.; STATIC, Air L L L
Vacuum - - -
DYNAMIC, Air 0,035 to 0.040 L L
Vacuum - - -
ELECT. CONDUCTIVITY - - -
CORROSION RESISTANCE E V.G, M
VACUWM WT. LOSS, N/m2 - - -
mg/c:mZ - = -
Vacuum - - -
Time - -
USES: Rubber & Plastics - - -
ON Wood, Leather, Fibers - - -
Glass & Ceramics X X X
Metals X X X
TYPICAL USES: Gen. Purp, Lub, X X X
Fretting, Galling, Seizing X X X
Cams, Gears, Slide Surf. X X X
Rolling Surf, X X X

Release Agent or Metal Work

NOTES:
E - Excellent

V.G. - Very Good
- Good
Medium
- Poor
Limited or Low
No Data or Not
Applicable
Satisfactory

RO
1 )

P
1

Sliding and roll-
ing surfaces at
high loads and
speeds, Reduces
galling, wear,
and fretting.
Fungus resist,per
MIL~E-5272A.

Most widely used
Henderson dry
£ilm.

% 6 hr, at 204°C
(400°F) cure re-
ported compt. to
LOX. Properties
similar to 402A.
Second most used
Henderson dry
film, 402A and
413 account for
90 to 95% usage.

For medium high
temperature above
260°C (500°F).
Not in presence
of solvents, hy-
drocarbons,

etc.
Short periods of
time above 454°C
(850°F).
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HOHMAN PLATING AND MANUFACTURING, INC,

PRODUCT NAME

OR CODE SURF-KOTE® SURF~KOTE® SURF~KOTE® SURF-KOTE®
PROPERTIES LO-1800 M-2036 M-2949 A-2178A
SPECIFICATION - LT | MIL-1-46010 -
COMPOSITION: Lubricant MoSy Blended MoSy %,nd other MoS, and Other MoS2 and Other
Binder/Carrier Lube, Inorganic ]Solid Lube, Poly-| Solid Lube, Resin| Solid Lubes,
. Binder c imide Binder Binder Organic Resin
APPLICATION: . Brush L - X X
. Dip or Tumble - - X X
Spray X X Best X and Aerosol
CURE CYCLE:  Air Dry - - Air-Dry, 30 Min, |Air-Dry, /2 Hr.
Heat 149°C (300°F) 93°C (200°F) 1.0 |and 204°C (400°F) -
Temp/Time 2.0 He, Hr, and 288°C 1.0 Hr, -
(550°F) 1,0 Hr. ’
COMPATIBILITY: LOX No Reaction - - =
Oxygen (gas) No Reaction - - iy
Rocket Fuel L - L L
Jet Fuel X X X X
Hydrocarbon X X X X
Solvents L L L L

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP, Air: (high) 399°C (750°F) 399°C (750°F) 260°C (500°F) 316°C (600°F)
(low) X X ~54°C (~65°F) X
Vacuum: (high) X X - -
(low) X X - -
LOAD CAPACITY: Force G G - -
Test Method - - - -
WEAR-LIFE: Load G G e, 448 N(1,0001b.) -
Test Method - - Falex -
Time G G 500 Min. -
Test Cond, - - Ambient -
FRICTION COEF,; STATIC, Air L L L L
Vacuum L L - -
DYNAMIC, Air L L L L
Vacuum L L - -
ELECT, CONDUCTIVITY - - - -
CORROSION RESISTANCE G Very ‘Poor E -
VACUIM WT. LOSS, N/m? - - - -
mg/cm2 - - - -
Vacuum - - - -
Time - - - -
USES: Rubber & Plastics - - - L
ON Wood, lLeather, Fibers - - - X
Glass & Ceramics X X X X
Metals X X X X
TYPICAL USES: Gen. Purp. Lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf. X X X X
Rolling Surf, X X X X
Release Agent or Metal Work - - - -
NOTES : Nonflammable, Contains MoSy andContains no Similar to AFSL-
: For use in a other pigment graphite or 41 but has better
E - Excellent vacuum or liquid | lubes, but no gcwd;zlizitmetalz: adhesion and
V'g‘ : Xizg Good oxygen systems, | graphite. Has s’;gi and aﬁkcl)z]s:ion fluid resistance.
. maximum endurancelproperties. Con- May be heat cured
*; - ‘;edl“‘“ 1ife to 399°C tagns ¢{0mpovumclfl at 249°C (480°F)
-~ Poox o . and solvents that i
L - Limited or Low (750 lf‘). Fair may be toxic, do :Zruiodmln.t}::z
- - No Date or Not adhesion, not breath fumes |°° USe¢ on b1
Applicable or use on food nium,.
equipment,
X - Satisfactory
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HOHMAN PLATING AND MANUFACTURING, -INC.

PRODUCT NAME

OR CODE SURF-KOTE® SURF~KOTEW SURF-KOTEY SURF~KOTE "~
PROPERTTES t-108 359 (360%) M-1284 A-1625
SPECIFICATION - - MIL-1-8937 MIL-1-23398B
COMPOSITION: Lubricant MoS2 Modified TFE MoS) Pigment Lube
Binder/Carrier Resin Binder Phenolic Resin Metal Matrix Resin Bond
. Resin
APPLICATION: Brush X - X -
Dip or Tumble X - X -
Spray Best X X Aerosol
CURE CYCLE: Air Dry Air-Dry, 45 Sec. - - Ajir-Dry, 30 Min,
Heat 191°C (375°F) 149°C (300°F) 177°C (350°F) -
Temp/Time 1,0 wr. 1.0 Hr, 1.0 Hr, -
COMPATIBILITY: LOX - C - -
Oxygen (gas) - - - -
Rocket Fuel L X - -
Jet Fuel X X X X
Hydracarbon X X X X
Solvents X L L L

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 260°C (500°F) 177°C (350°F) > 427°C (> 800°F)| 260°C (500°F)
(low) L L X ~-54°C (~65°F)
Vacuum: (high) - - - -
(low) - - - -
LOAD CAPACITY: Force M V.G. M
Test Method - - = -
WEAR-LIFE: Load 2,802 N (603 1b.) - 2,802 N (630 1b.) -
Test Method MacMillan - MacMillan -
Time V.G, -~ P - > 80 . -
Test Cond, Ambjent - Hi-T - 7.9 m,(26 ft/min) -
FRICTION COEF,; STATIC, Air - L L L
Vacuum - - - -
DYNAMIC, Air 0.012 to 0.03 L 0.003
Vacuum - - - -
ELECT. CONDUCTIVITY - = - .
CORROSION RESISTANCE L V.G. V.G. L
VACUWM WT. LOSS, N/m2 - - - -
mg/(:rn2 = - - -
Vacuum - - - -
Time - _
USES: Rubber & Plastics - X - L
ON Wood, Leather, Fibers - X - L
Glass & Ceramics X X X X -
Metals X X X X
TYPICAL USES: Gen. Purp, Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf., X X X X
Rolling Surf, X X X X
Release Agent or Metal Work - X - L
Durable solid Excellent adhe- For part assembly| Excellent adhe-
NOTES: film, used for sion and corro- |break-in Lube, s1on, low fric-
E - Excellent break-in lube on |sion protection, |prevents fretting| tion, rveduces
V.G. - Very Good asscmbled parts, |low cure. Toxic |corrosion. Anti- |wear, seizing and
G - GOO‘? intermittent op- |fumes released seize film for galling, Part
M - Medium erated mechanisms]above 204°C extreme pressure |assembly, machind
P- P"mf Eliminates gall- |(400°F). Flam- |and temperature. |shop, truck auto
L - Limited or Low ing, scizing, mable film as motive, office
- - No Da.xta or Not fretting corro- |sprayed. ¥SURF- and home use.
Applicable sion, etc. ROTE 360 similar,
X - Satisfactory has alkyd resin.
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LUBECO, INC.
PRODUCT -NAME
OR CODE
Lubeco Lubeco Lubeco Lubeco
PROPERTIES 905 2123 20238 M-390
SPECIFICATION - - - -
COMPOSITION: ILubricant MoS,, Graphite and Blended Inorganid Blended Inorganic Blended Solid
s Other Solid Lubes
Binder/Carrier Complex Chemical 4 Solid Lubes Solid Lubes lla.tszs, Organic
Binder inder
APPLICATION: Brush Electrodeposition | Electrophoretic | Electrophoretic X
Dip or Tumble - (Applied by Lubeco| Binder System Binder System X
Spray Only) X
CURE CYCLE: Air Dry - Nonrequired Nonrequired -
Heat 204°C (400°F), See Above See Above -
Temp/Time lAccelerates - - -
Plating - -~
COMPATIBILITY: LOX - No Reaction X -
Oxygen (gas) - " " X -
Rocket Fuel - " " X -
Jet Fuel - X X b'd
Hydrocarbon - X X X
Solvents - L L L
RADIATION PROPERTIES X - - -
OUTGASSING PROPERTIES G - G -

USABLE TEMP, Air: (high) 260°C (500°F) 427°C (800°F) 649°C (1200°F) 260°C (500°F)
(low) -269°C (~452°F) -269°C (-452°F) 269°C (~452°F) ~213°C (-352°F)
Vacuum: (high) X - - -
(Low) X - ~ -
LOAD CAPACITY: Force G G G -
Test Method - - - -
WEAR-LIFE: Load 2802N (630 1b,) V.G, G E
Test Method McMillan - - =
Time 164 Hr. - - -
Test Cond, Ambient - - -
FRICTION COEF.; STATIC, Air 0.060 L L -
Vacuum - 1 L -
DYNAMIC, Air 0,010 - 0.050 L L -
Vacuum 0,040 L L -
ELECT, CONDUCTIVITY - - - -
CORROSION RESISTANCE M M M -
VACUDM WT. 1.0SS, N/m? < 0.01% - - -
mg/cm? - - -
Vacuum (1x108 Torr) Hard Vacuum Hard Vacuum -
Time - - -
USES: Rubber & Plastics - - X
ON Wood, leather, Fibers - - - X
Glass & Ceramics - - - X
Metals X X X X
TYPICAL USES: -Gen. Purp. Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X X
Release Agent or Metal Work - - - -
NOTES : Used on metal sub4 Nontoxic low Low friction at | All purpose dry
strates. Parts friction lube; |high temp., 816°C} film for general
E - Excellent that rub, side or| long wear-life, |(1500°F) for use, Gears,
V.G. - Very Good roll at temp. up | high loads, and [short periods. fasteners, slidd
G = Good to 260°C (500°F) | low speeds at  (Vacuum compatible| surfaces, ma-
¥~ Medium Ball, roller, and| elevated temp. |nontoxic and chinery, etc.
P - PO‘“: sleeve bearings, | Adheres to all |good chemical re-
L - Limited or Low screws, nuts, nonferrous metals|sistance. Lubeco
= - No Data or Not gears, etc. without heat 20238 is similar,
Applicable cure cycle. very inert to
X = Satisfactory chem. attack.
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MICROSEAL CORPORATION

PRODUCT NAME

OR CODE Microseal Microseal Microseal Microseal
) 100-1 200-1 300-1 200-23
PROPERTIES
SPECIFICATION 05-10626-A% MIL-L-8937 - -
COMPOSITION: Lubricant Graphite, In- MoSy, Inorganic | Tungsten Disul- Mosz and High
Binder/Carrier organic Binder Binder System fide inorganic Temperature
(Proprietary): (Proprietary) Rinder (Propriet.DRinder
APPLICATION: Brush C- - - -
Dip or Tumble - - - -
Spray Impinged Impinged Impinged Impinged
CURE CYCLE:  Air Dry 7 Days or 7 Days or 7 Days or 7 Days or
Heat 149°C (300°F) 149°C (300°F) 149°C (300°F) 149°C (300°F)
Temp/Time 2.0 Hr. 2.0 Hr. 2.0 Hr. 2,0 Hr.
COMPATIBILITY: LOX No Reaction - - -

Oxygen (gas)

No Reaction

No Reaction

No Reaction

No Reaction

Rocket Fuel X X X X

Jet Fuel X X X X

Hydroacarbon X X X X

Solvents X X X X

RADIATION PROPERTIES G G G G

OUTGASSING PROPERTIES G G G G
USABLE TEMP. Air: (high) 1093°C (2000°F) 371°C (700°F) 482°C (900°F) 593°¢C (1100°F)
(low) ~253°C (~423°F) -198°C (-~325°TF) -198°C (-325°F) -~109°C (-165°F)
Vacuum: (high) 1482°C (2700°F) (1400°F) 760°C (1400°F) 760°C (1400°F)
(low) ~253°C (-423°F) -198°C (=325°F) -198°C_(=325°F) ~109°C (~165°F)

LOAD CAPACITY: Force Limited By Base Limited By Base

Limited By Base

Limited By Base

aterial Material Material Material
Test Method - - - -
WEAR-LIFE: Load 3.45 % 10/ N/m? v.G. V.G. V.G.
Test Method (5,000 psi) - - -
Time - = - -
Test Cond, - - - -
FRICTION COEF.; STATIC, Air L L L
Vacuum L 1. L L
DYNAMIC, Air 0.06-0,07 0.02-0,06 0.04 0.02
Vacuum L 1. L L
ELECT, CONDUCTIVITY X - - -
CORROSION RESISTANCE X X G -
VACUUM WT. LOSS, N/m? Negi. Negl. Negl. Negl.
mg/cm? 1.33 » 1077 8/m2 | 1.33 x 1077 N/m? | 1.33 x 10-7 N/n? | 1.33 x 10~7 N/m?
Vacuum (10=9 Torr) (1079 Torr) (102 Torr) (1079 Torr)
Time - - - -
USES: Rubber & Plastics IN L - -
oN Wood, lLeather, Fibers 1. L - -
Glass & Ceramies X X X X
Metals X X X X
TYPICAL USES: Gen, Purp., Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X X
Release Agent or Metal Work L L L L
NOTES : £ - Excellont *USN/BW Spec. Gimilar to 100-1 f(Pungsten disulfilyg Thicker film
V.G. - Very Good Nonflammablce and [but has much loweylor specialized buiid-up than
¢ - Good nonexplosve, friction due to Japplications. 200-1, good for
M - Modiom General purpose MoS,) in place of fGood chemical extreme pressure|
P - Poor lube, For vacuum Jgraphite. Higher jresistance. Used on tools
L - Limited or Tow ase, ioads than 100-1. shear-spinning
- - No Data or Not ar'\d toll extru-
Applicable sion.
X - Satisfactory

ATV-33



This page intentionally left blank,

AIV-34



MIDWEST RESEARCH INSTITUTE

PRODUCT NAME -

OR CODE
PROPERTIES MLF-5 MLF-9 MLR-2 MLR~6
SPECIFICATION MSFC 502 MSFC 253 50M60434 -
COMPOSITION: Lubricant MoSy, Graphite MoSy, Graphite [MoS; + Sby03 M082 + Sby03
Binder/Carrier Gold, Sodium Bismuth,Aluminum Polyphenylene
Silicate, Water | Phosphatc water [Polymide Sulfide ~ Alcohol
APPLICATION: Brush X X X -
Dip or Tumble X X X -
Spray X ) o X X S
CURE CYCLE: Air Dry Air Dry 30 Min. Air Dpry 30 Min. Air Dry 30 Min. -
Heat 82°C (180°F) 2 Hr{82°C (180°F) 2 Hr]149°C (300°F) 1.0l94°C (200°F) L Hr.
Temp/ Time and 149°C (300°F) |and 149°C (300°F) {Hr. and 302°C 371°C (700°F)
8 Hr. 8 Hr. (575°F) 1.0 Hr. ]1/2 Hr.
COMPATIBILITY: LOX E E = -
Oxygen (gas) X X (_’ -
Rocket Fuel - -
- X
Jet Fuel - - X -
Hydrocarbon _ . - -
Solvents - - -~
RADIATION PROPERTIES Excellent Excellent Excellent -
OUTGASSING PROPERTIES Acceptable - Acceptable -

USABLE TEMP., Air: (high)
(low)
Vacuum: (high)

(low)

538°C (1000°F)
-73°C (~100°F)
538°C (1000°F)
~73°C (-100°F)

371°C (700°F)
-73°C (~100°F)
371°C (700°F)
~73°C (~100°F)

260°C (500°F)
X

427°C (800°F)
R.T.

LOAD CAPACITY: Force

16,680 N(3,750 1b.)

20,016N (4,500 1b.)

20,0L0N (4,500

20,016N (4,500

Test Method Falex Falex lg'a)lex uf)'z'xiex
WEAR-LIFE: Load 4448 N (1,000 1b.)|4448N (1,0001b.) [4448N (1,000 1b.) 448N (1,000 1b.)
Test Method Falex Falex Falex Falex
Time 86 Min, 57 Min. 502 Min. > 600 Min,
Test Cond. 5,78 m'(19 £t/min¥5.78 m¥(19 fe/mins.78 p¥(19 fr/min)l5.78 w¥(19 fr/min)
FRICTION COEF.; STATIC, Air 0.29 0.30 0.23 =
Vacuum - - - -
DYNAMIC, Air 0.15 0.20 0.18 0.1
Vacuum = - - -
ELECT, CONBDUCTIVITY M - - -
CORROSION RESISTANCE No - - =
VACUUM WT. LOSS, N/m? 0.465 0.340 0.0775 -
Vacuum 1.33 x 107% N/m? [1.33 x 1074 N/m? | 1.33 x 107% N/m2 -
(1078 torr) (10'6 torr) (1076 torr)
Time 528 Hrx. 528 Hr. 528 Hr. -
USES: Rubber & Plastics - - - -
ON Wood, leather, Fibers - - - -
Glass & Ceramics - - - -
Metals X X X X
TYPICAL USES: Gen, Purp. lub. X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X -
Release Agent or Metal Work - - -
NOTES: Developed on a LOX compt. film | Do not use with | New film that
E - Excellent NASA contract good for high other lubes. has not yet been
V.G. - Very Good for LOX compt. loads. Less For severe wear- | completely eval-
G ~ Good and high temp. expensive than life cond. and uated.
M = Medium MLF~5. elevated temp.
P - Poor
L - Limited or Low
= =~ No Data or Not
Applicable
X =~ Satisfactory * Meters per minute velocity.
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MIDWEST RESEARCH INSTITUTE

PRODUCT NAMF

OR CODE
PROPERTIES AFSL-28 AFSL-29 MEL-1%
SPECIFICATION N "
COMPOSITION: Lubricant Calcium Fluoride |Calcium Fluoride MoS
s ; arium Fluoride 2
Binder/Carrier Barium Fluoride [MagnesiumFluoride
Aluminum PhosphatdAluminum Phosphate
APPLICATION: Brush - -
Dip or Tumble - - be
Spray X X Sputtering
CURE CYCLE:  Air Dry u -
Heat 925°C (1,697°F) 750°C (1,382°F) None
Temp/Time 1.0 Min, 1.0 Min.
COMPATIBILITY: LOX - - -
Oxygen (gas) - - -
Rocket Fuel - - -
Jet Fuel - - -
Hydrocarbon - - -
Solvents - - =
RADIATION PROPERTIES - - -
QUTGASSING PROPERTIES G G I

USABLE TEMP, Air: (high) 816°C (1500°F) 649°C (1200°F) 399°C (750°F)
(low) 21°C (70°F) 21°C (70°F) -73°C (~100°F)
Vacuum: (high) > 538°C (>1000°F) - 399°C (750°F)
(Low) 21°C (70°F) - ~73°C (~100°F)
LOAD CAPACITY: Force V.G. V.G -
Test Method - - -
WEAR-LIFE: Load V.G. ' V.G, 4, 448N 1,000 Ib,)
Test Method - - Falex
Time v.G. V.G > 40 Min,
Test Cond. = - Ambient
FRICTION COEF,; STATIC, Air - - 0.04 to 0,08
Vacuum - -
DYNAMIC, Air < 0.20 < 0.20 0.04 to 0,08
Yacuum < 0.20 - -
ELECT., CONDUCTTVITY il -
CORROSION RESISTANCE - - L
VACUUM WT. LOSS, N/m2 - - -
mg/cmz - - -
Vacuum - - -
Time - - -
USES: Rubber & Plastics - - -
oN Wond, Leather, Fibers - - -
Glass & Ceramics X X X
Metals X X X
TYPICAL USES: Gen. Purp, Lub. X X L
Fretting, Galling, Seizing X X X
Cams, Gears, Slide Surf, X X X

Rolling Surf,
Release Agent or Mctal Work

NOTES:

E - Excellent
V.G, - Very Good
G =~ Good
M - Medium
P - Poor
L - Limited or Low
= =~ No Data or Not
Applicable
X = Satisfactory

High temperature

film. Developed

for use at 1000°F
in an air envirun-
ment where it has
its best friction
and wear proper-

ties. Works best
on Ni=based alloy
Developed on Air

Force contract.

High temperature
film. Cures at
lover temperature
than AFSL-28. Has
lower friction
than AFSL-28 at
temperatures be-
low 1000°F. De-
veloped on Air
Force contract.

* Experimental
sputtered film,
Primarily used on
ball bearing
races and other
applications re-
quiring extremely
thin films,
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NATIONAL PROCESS INDUSTRIES

PRODUCT NAME

OR CODE NPI-5 NPI-14 Dyna-Lube NPI-425
(MLF-5) NPI-132 (MLR-2)
PROPFRTIES
SPECIFICATION MSFC~502 MIL-L-8937 - NASA 50M60434
COMPOSITION: Lubricant MoS9, Graphite, [Lubricative Pig~ [Silver and Refrac-hosz and Sb,03
Binder/Carrier Gold, Sodium Sili-ments, Organic tory Metals, Polymide Resin
cate and Water IResin jElectro-Plated
APPLICATION: Brush X X - X
Dip or Tumble X X Electro-Deposited X
Spray ¢ Best Best - Best
CURE CYCLE:  Air Dry Air Dry, 30 Min. [ Air Dry - 15 Min - Air Dry, 30 Min.
Heat 82°C(180°F), 2 Hr.} 149°C (300°F) - 149°C(300°F),
Temp/Time and 149°C(300°F), | 1.0 Hr, - 1.0 Hr,, 302°C
8 Hr, (575°F), 1.0 Hr,
COMPATIBILITY: LOX E - =
Oxygen (gas) X - - G
Rocket Fuel - - - -
Jet Fuel - X X X
Hydrocarbon - X X X
Solvents - L - -
RADIATION PROPERTIES E - - E
OUTGASSING PROPERTIES Acceptable - - Acceptable
USABLE TEMP. Air: (high) 538°C (1000°F) e} 760°C (1400°F) 260°C (500°F)
(low) -73°C (-100°F) G -62°C (~-80°F) X
Vacuum: (high) 538°C (1000°F) - - -
(low) -73°C (~100°F) - d -
LOAD CAPACITY: Force 16,680N (3,750 1b)j>11,120N (>2,500 G 20,016N (4,500
1b.) 1b.)
Test Method Falex Falex - Falex
WEAR-LIFE: Load 4,448N (1,000 1b.)} &4,448N (1,000 1b,, M 4,448N (1,000 1b)
Test Method Falex Falex - Falex
Time 86 Min. > 3.0 Hr, - > 8.0 Hr.
Test Cond, 5.78 m.(19 ft/min] Ambient - Ambient
FRICTION COEF.; STATIC, Air 0.29 L 0.40 0.23
Vacuum - - - -
DYNAMIC, Air 0.15 L 0.20~0.40 0.18
Vacuum - - - -
ELECT, CONDUCTIVITY M - X -
CORROSION RESISTANCE No - F -
VACUM WT. LOSS, N/m? 0.0465 - - -
mg/cn? 1.33 x 107*N/m2 - - 0.0775
Vacuum (1076 Torr) - - 1.33 x 10~4N/m?
Time 528 Hr. - - (1078 Torr
528 Hr,
USES: Rubber & Plastics - - - =
oN Wood, Leather, Fibers - - - -
Glass & Ceramics - - - -
Metals X X X X
TYPICAL USES: Gen. Purp. Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf. X b.4 X X
Rolling Surf, X X X X

Release Agent or Mctal Work

NOTES: E - Excellent

Very Good

= Good

Medium

~ Poor

-~ Limited or Low
No Data or Not
Applicable
Satisfactory

Developed on a
NASA contract for
LOX compatibility
and high loads.

For metal sur-
faces subject to
mechanical wear,
in fluids, ex-
treme tempera-
ture and high
loads.,

May be used with
conventional
lubes as a back~
up with grease
friction coef-
ficient is 0.02.
Conduct elect.
Good storage and
heat properties.

Do not use with
other lubes,

For severe wear-
life.condition
and elevated
temperature.
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NATIONAL PROCESS INDUSTRIES

PRODUCT NAME vitro-Lube MRIONITE
OR CODE NPI-1220 NPI-2500%
PROPERTIES
SPECIFICATION = hod
COMPOSITION: Lubricant MoSy, Graphite Calcium Fluoride,
Binder/Carrier Ceramic Binder Barium Fluoride,

Proprietary)

APPLICATION: Brush
Dip or Tumble
Spray

Dip, Preferred
X

Aluminum Phosphatsk

X

CURE CYCLE: Air Dry
Heat
Temp/Time

524°C (975°F)
1.0 Min,

925°C (1697°F)
1.0 Min,

COMPATIBILITY: LOX
Oxygen (gas)
Rocket Fuel
Jet Fuel:
Hydrocarbon
Solvents

RADIATION PROPERTIES

- OUTGASSING PROPERTIES

G

USABLE TEMP., Air; (high)

399°C (750°F)

816°C (1500°F)

(low) -134°C (-210°F) |21°C (70°F)
Vacuum: (high) - 538°C (>100°F)
(low) - 21°C ( 70°F)
LOAD CAPACITY: Force v.G. v.G.
Test Method - -
WEAR-LIFE: Load G V.G.
Test Method - -
Time V.G, V.G.
Test Cond. - -
FRICTION COEF.; STATIC, Air -
Vacuumn -
DYNAMIC, Air < 0.10 < 0.20
Vacuum - < 0.20
EIECT, CONDUCTIVITY - N
CORROSION RESISTANCE - -
VACUUM WI. 10SS, N/m? - -
mg/cm2 - -
Vacuum -
Time - -
USES: Rubber & Plastics - -
ON Wood, leather, Fibers - -
Glass & Ceramics - X
Metals X X
TYPICAL USES: Gen, Purp. Lub, X X
Fretting, Galling, Seizing X X
Cams, Gears, Slide Surf. X X
Rolling Surf, L -
Release Agent or Metal Work - -
. Neveloped for XB- {+#AFSL-28
NOTES: E - Excellent 70. Highest fric-|peveloped for usel
V6.~ Very Good tion at R.T., low-]at 1000°F in ai:
& - Gooil bst at 288°C environment,
M - Mediom 550°F). Should be|Where it has its
P - Poor hsed dry, no fluid{best friction
L ~ Limited or Low

- - No Data or Not
Applicable
X -~ Satisfactory

May be applied to
Eteel and titanium
some aluminum
hlloys.

and wear prop-
erties. Work
best on Ni-based
alloys,
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POXYLUBE, INC.

PRODUCT NAME
OR. CODE

Poxylube 420

Poxylubhe 500

Powlube 750

(330)*
PROPERTIES
SPECIFICATION - MIL-L-6937 -
COMPOSITION: Lubricant MoS,, Graphite, [Blend MoS; Graph-([Blend MoSy Graph-
Binder/Carrier Solid Blend ite and Solids, ite and Solids
Thermoplastic |Epoxy Resin poxy Resin
APPLICATION: Brush X X X
Dip or Tumble X X X
Spray Best Best Best
CURE CYCLE: Air Dry Air Dry, 24 Hr, - -
Heat - 149°¢ (300°F) 191°c (375°F)
Temp/Time - 1.0 Hr. 1.0 Hr,
COMPATIBILITY: LOX - - -
Oxygen (gas) . =
Rocket Fuel - - -
Jet Fuel L X X
Hydrocarbon L X X
Solvents L L X

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP, Air: (high) 79°C (175°F) 260°C (500°F) 288°C (550°F)
(Low) -221°C (-350°F) -212°C (-350°F) 212°¢ (-350°T)
Vacuum: (high) - - -
(low) - =~ -
LOAD CAPACITY: Force G v.G. v.c.
Test Method - - -
WEAR-LIFE: Load M G G
Test Method - - -
Time M G G
Test Cond, > - -
FRICTION COEF.; STATIC, Air 1 L L
Jacuum . - .
DYNAMIC, Air T L T
Vacuum - - —
ELECT, CONDUCTIVITY - - -
CORROSTON RESISTANCE i i rair
VACUWM WT. LOSS, N/m2 - - -
mg/cme - - -
yacian B
Time - - -
USES: Rubber & Plastics L L L
oN Wood, Leather, Fibers L L L
Glass & Ceramics X X X
Metals ¥ X X
TYPICAL USES: Gen, Purp. Lub. X X X
Fretting, Galling, Seizing X X X
Cams, Gears, Slide Surf. X X A
Rolling Surf. X X -

Release Agent or Metal Work

NOTES: E - Excellent
V.G. -~ Very uood
G - Guod
M - Mcediva
P - Poor
L =~ Limited or Low

- - No Data or Not
Applicable
X - Satisfactory

General use for
antiselze and
antigalling, Tor
moderate temp.,
loads and wear.
*330 is similar,
has less resin
and will air-

dry in 30 min,

General use, good
bwear-1ife heat
stability. Better
adhesion and cliem
ical resistance
than air drv {(ilm
[This film is most
jwidely usea poly-
Lube film.
Military)

Hard ducalle £ilm
for gewernl us ..
Very giod adhe -
sion aud w-ir lif
land good chemical
resistance.
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PRODUCT TECHNIQUES, INCORPORATED

PRODUCT NAME

OR CODE
_ TECLUBE TECLUBE TECLUBE TECLUBE
PROPERTIES PT-14 pT-17 PT-24 PT-26M"
SPECIFICATION - - d
COMPOSITION: Lubricant MoS,, Graphite MoSy and Mo§,-Superfine, MoS2-Microfine,
Binder/Carrier Epoxy Resin Resin Binder Silicone Resin Polymer Resin
(air dry)
APPLICATION: Brush - - - X
Dip or Tumble X X X X
Spray X X X X
CURE CYCLE: Air Dry - - - Air Dry, 1.0 Hr.
Heat 163°C (325°F) 163°C (325°F) 249°C (480°F) -
Temp/Time 1.0 Hr. 1.0 Hr. 1.0 Hr. -
COMPATIBILITY: LOX - - - -
Oxygen (gas) ~ - - -
Rocket Fuel - - - -
Jet Fuel I8 L L L
Hydrocarbon L L L L
Solvents L L L L

RADIATION PROPERTIES

QUTGASSING PROPERTIES

USABLE TEMP, Air: (high)
(low)
Vacuum: (high)

{low)

288°C (550°F)
-73°C (-100°F)

260°C (500°F)
-184°C (-300°F)

538°C (1000°F)
-73°C (-100°F)

260°C (500°F)
-54°C (~65°F)

LOAD CAPACITY: Foxrce

Test Method

7.76 % 108 N/mZ
(40,000 psi)

4.14 x 108 N/m2
(60,000 psi)

1.38 x 108 N/m?
(20,000 psi)

2.07 x 108 N/m2
(30,000 psi)

Release Agent or Metal Work

1

WEAR-LIFE: Load M M L M
Test Method - - - -
Time G

Test Cond. - - - -
FRICTION COEF.; STATIC, Air - - - -
Vacuum - - = -

DYNAMIC, Air 0.025 - 0.075 0.025 - 0.075 0.025 - 0.075 0.025 - 0.075
Vacuum - - - -
ELECT. CONDUCTIVITY - - - -
CORROSION RESISTANCE M M G L
VACUWM WT. LOSS, N/m? - - - -
mg/cm2 - - . -
Vacuum - - -
Time - - - -
USES: Rubber & Plastics L L L X
ON Wood, Leather, Fibers L L L X
Glass & Ceramics X X ). X
Metals X X X X
TYPICAL USES: Gen, Purp., Lub, X X X X
Fretting, Galling, Seizing X X X X
Cams, Gears, Slide Surf, X X X X
Rolling Surf, X X X X

NQOTES:
E - Excellent

V.G. - Very Good
- Good
Medium
- Poor
~ Limited or Low
No Data or Not
Applicable
Satisfactory

=om R A
]

General antisieze
lube for sliding,
rubbing or rolling
surfaces, for

most conditions.
Not for high speed
and high loads.

General lube sim-
ilar to PT-14, but]
is for wider

temperature range
and higher locads.

General lube for
high temperature
and light loads.
Low friction and
good wear-life.

General lube sim-
ilar to PT-24,
but will air dry
and is for lower
temperature.
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PRODUCT TECHNIQUES, INCORPORATED

PRODUCT NAME

OR CODE TECLUBE TECLUBE
PT-101 L-67
PROPERTIES (Moly Spray)
SPECIFICATION MIL-M-7866 =
COMPOSITION: Lubricant MoSy and MoSy Blend
Binder/Carrier Air Dry Resin Glass Binder
APPLICATION: Brush - -
Dip or Tumble - -
Spray X X
CURE CYCLE:  Air Dry X Air Dry, 30 Min.,
Heat - 82°C (180°F), 2
Temp/Time - Hr. & 149°C
(300°F), 2 Hr.
COMPATIBILITY: LOX Batch Test X
Oxygen (gas) Batch Test X
Rocket Fuel - -
Jet Fuel L ©x
Hydrocarbon X X
Solvents - -
RADTATION PROPERTIES G -

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high) 399°C (750°F) 1093°C (2000°F)
(low) -73°C (-100°F) -184°C (-300°F)
Vacuum: (high) - X
(Low) - X
LOAD CAPACITY: Force G [¢
Test Method - -
WEAR-LIFE: Load G 4,448 W (1,000 1b.)
Test Method - Falex
Time > 80 Min.
Test Cond. - Ambient
FRICTION COEF.; STATIC, Air L L
Vacuum - L
DYNAMIC, Air L 1L
Vacuum - L
ELECT. CONDUCTIVITY - -
CORROSION RESISTANCE - G
VACUMM WT. LOSS, N/m2 - -
mg/cm2 - -
Vacuum 1.33 x 107 N/m? -
Time (10~ Torr) -
USES: Rubber & Plastics X -
ON Wood, Leather, Fibers X -
Glass & Ceramics X X
Metals X X
TYPICAL USES: Gen, Purp. lub. X X
Fretting, Galling, Seizing X X
Cams, Gears, Slide Surf. X X
Rolling Surf, X -
Release Agent or Metal Work X -

NOTES:

E -~ Excellent
" V.G. - Very Good
’ - Good
Medium
- Poor
- Limited or Low
No Data or Not
Applicable
Satisfactory

Y RO
]

Chemically inert,

inflammable, non-
conductive and
nontoxic. General

May be used at
temperature -184T
(-300°F) and 538°C
(1000°F) for

short intervals

noncorrosive, nond temperature dry

lube and antiseize] sure Teclube PT-70

Protective high
£ilm. Nonflam-
mable, for vacuum,

LOX and high pres]

is similar.
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SANDSTROM PRODUCTS COMPANY

PRODUCT NAME

OR ‘CODE
SANDSTROM 94 SANDSTROM 26A SANDSTROM
PROPERTIES Hi-T 650%
SPECIFICATION MIL-L-46010A MIL-L~46147 (MR)*
COMPOSITION: Lubricant MoSy, PbO4 and MoSy-inhibited MoSy, Corrosion
Binder/Carrier Others, Epoxy- Epoxy Resin Inhibitor Modi-
Fhenalic Resin fied Silicone
- APPLICATION: Brush - X X
Dip or Tumble X X X
Spray X X, Aerosol X
CURE CYCLE:  Air Dry Air Dry, 30 Min. |Air Dry, 16 Hr., or|Air Dry, 30 Min,,
Heat 204°C (4O0°F) - (480°F) 1.0 Mr.
Temp/Time 1.0 Hr.
CMPATIBILITY: LOX X - -
Oxygen (gas) X - -
Rocket Fuel X L L
Jet Fuel X X X
Hydrocarbon X X X
Solvents X X X

RADIATION PROPERTIES

OUTGASSING PROPERTIES

USABLE TEMP. Air: (high)

260°C (500°F)

149°C (300°F)

399°C (750°F)

(low) -196°C (-320°F) -196°C (-320°F) -
Vacuum: (high) - - -
(Low) - - -
LOAD CAPACITY: Force 12,232 N (2,750 {11,120N (2,500 1b)}13,340 N (3,000 1h)
1b.)
Test Method Falex Falex Falex
WEAR-LIFE: Load 4,448 N (1,000 1b) {4,448 N (1,000 1b.)|4,448 N (1,000 1b.)
Test Method Falex Falex Falex
Time > 500 Min. > 170 Min. > 200 Min.
Test Cond. 5.79 m (19 ft/sec)5.79m (19 ft/sec)}5.79m (19 ft/sec)
FRICTION COEF,; STATIC, Air L L Very Low
Vacuum L - -
DYNAMIC, Air L L Very Low
Vacuum L - ~
ELECT, CONDUCTIVITY - - -
CORROSION RESISTANCE E v.c. G
VACUIM WT. LOSS, N/m2 - - -
mg/cm2 - - -
Vacuum 1.33x10-4 N/m2 - -
Time (10-6 Torr) - -
USES: Rubber & Plastics - X -
ON Wood, leather, Fibers - X -
Glass & Ceramics X X X
Metals X X X
TYPICAL USES: Gen, Purp. Lub. X X X
Fretting, Galling, Seizing X X X
Cams, Gears, Slide Surf, X X X
Rolling Surf. X X X
Release Agent or Metal Work - L -

NOTES:
E ~ Excellent
V.G. ~ Very Good
~ Good
~ Medium
Poor

~ Limited or Low
-~ No Data or Not

Applicable
Satisfactory

[ - c 4 >}
]

o]
(]

Prevents corrosion,
galling, seizing
and fretting.

Chemical resistant]
and long wear-life
Contains no
graphite.

*Formerly RIAPD-
703. Easy to ap-
ply air dry f£ilm.
Properties are

similar to 9A,

but lower limits.
For usewhere heat
cure cycle for

9A is not allow~
able. No graphite.

%Based on AFSL-41
properties simi-
lar to 9A and 26A
but for higher
temperature to
538°C (1000°F)
for short periods.
Contains no
graphite.
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AV - LABORATORY EVALUATIONS

-~ SOLID LUBRICATED GEARS

- COMPOSITE MATERTALS
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The data presented in this section were collected from tests
conducted on 22 solid lubricant films. All tests were conducted at Midwest
Research Institute., All materials were applied in accordance with the
manufacturer's direction, except that pretreatment of all metal substrates
was by dry honing with 220 mesh Al,03. There has been no attempt to rate
the lubricants., Data presented provides a basis for comparing solid lubri-
cant films.

Falex load carrying and wear-life test data are presented in
Tables 1 and 2. Lightly loaded three-pellet wear-life test data are
presented in Table 3. Electrical conductivity and vacuum weight loss data
are included as Table 4. Table 5 presents data on the static and dynamic
friction values for the films at -73°C (-~100°F), 27°C (80°F), and 204°C
(400°F), All of the films were also evaluated on journal bearing test
equipment. Data for the journal bearing tests are presented in Table 6.

Tables 7, 8, 9, 10, and 11 and Figures 1, 2, and 3 contain test
data obtained on solid film lubricated gears. Data presented in Tables 7,
8, and 9 and Figures 1, 2, and 3 are from laboratory tests whereas data
shown in Tables 10 and 11 are from actual hardware tests conducted at the
NASA Marshall Space Flight Center.

A large number of plastics, reinforced plastics and metal com-
posites are available and used frequently in space applications. Many of
the aforementioned materials are used as bearing or bearing components
(separators, etc.). Tables 12, 13, and 14 contain a minimal amount of
manufacturer supplied data on some of the most frequently used plastics,
reinforced plastics and composite materials, More information can be ob-
tained on the materials by contacting the manufacturers.

Laboratory test equipment used in evaluating the solid lubricants
are described in Appendix A,
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TABIE 1

FALEX TESTS LOAD-CARRYING ABILITY

Test Method: Test Method Standard No. 791a, Method 3812
Test Condition: Ambient Temperature, AISI 4130 V-Block and Pin, R. 40-45
Test Load: Load Increased in 1,112 N (250 1b.) Increments at 1,0

Min, Intervals Until Failure¥*

Average¥®#
Time to
Average¥¥% Maximum Average®¥* Maximum Failure
Solid Film Load - N (1b.) Torque - N m. (in-1b) (min,)
DAG 253 1.78 x 104 (4,000) 1.90 (16.8) 16
Drilube No. 1 2,00 x 10% (4,500) 1.16 (10.3) 23
Drilube 805 0.667 x 10% (1,500) 3.39 (30.0) 8
Electrofilm 2306 1.00 x 10% (2,250) 1.16 (10.3) 11
Electrofilm 5396 1.89 x 104 (4,250) 2,77 (24.5) 21
Lubribond "A" 1.00 x 104 (2,250) 2.26 (20.0) 12
Everlube 620 1.89 x 10% (4,250) 2,26 (20.0) 20
Everlube 811 1.89 x 10% (4,250) 2.88 (25.5) 18
Fel-Pro C-200 2,00 x 104 (4,500) 1.85 (16.4) 23
Fel-Pro C-300 2.00 x 10% (4,500) 2.15 (19.0) 22
MIR-2 (NPI 425)

(VAC KOTE 18.07) 2.00 x 10% (4,500) 1.05 (9.3) 92
MLE -5 1.67 x 10* (3,750) 3.05 (27.0) 18
MLF-9 2,00 x 10% (4,500) 2.63 (23.3) 23
Molykote X-15 1.22 x 10% (2,750) 2.63 (23.7) 13
Molykote X-106  2.00 x 10% (2,500) 1.42 (12.6) 25
Molykote 321 1.11 x 10% (2,500) 2,00 (17.7) 12
NPI-14 1.78 x 10% (4,000) 2.91 (25.8) 19
Vitrolube 2.00 x 10% (4,500 3.39 (30.0) 372
Polylube No. 500 2.00 x 10% (4,500) 1.86 (16.5) 22
RIA No. 9 1.11 x 10% (2,500) 2.75 (24.3) 13
Surfkote M-1284 1.67 x 10% (3,750) 2.11 (18.7) 18
Surfkote A-1625 0.890 x 10% (2,000) 2.63 (23.3) 11

-

Notes: * Failure is indicated by inability of film to maintain load for
1.0 min., breaking of shear pin or sharp rise in torque of
more than 0.791 N m. (7.0 in-1b)

*% Average of 3 test runs.
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TABIE 2

FALEX TESTS~-WEAR-LIFE

Test Method: Federal Test Method Standard No, 79la, Method 3807
Test Condition: Ambient Temperature, AISI 4130 V-Block and Pin R, 40-45
Test Load: Load Increased in 1,112'N (250 1b,) Increments at 1.0 Min,

Up to 4,448 N (1,000 1b.) Load Maintained Until Failure¥*

Average®% Average¥®#*
Torque - N m, Wear-Life
S8olid Film (in-1b) (min,)
DAG 253 0.994 (8.8) 99
Drilube No, 1 0.599 (5.3) 335
Drilube 805 1.74 (15.4) 12
Electrofilm 2306 1.57 (13.9) 10
Electrofilm 5396 0.926 (8.2) 169
Lubribond "A" 0.542 (4.8) 66
Everlube 620 0.881 (7.8) 93
Everlube 811 0.825 (7.3) 67
Fel-Pro C-200 0.395 (3.5) 564
Fel~-Pro C-300 0.610 (5.4) 424
MLR-2 (NPI 425) (VAC KOTE 18,07) 0.316 (2.8) 502
MLF-5 0.972 (8.6) 86
MLF-9 ‘ 0.542 (4.8) 57
Molykote X~15 1.15 (10.2) 27
Molykote X-106 0.802 (7.1) 242
Molykote 321 0.452 (4.0) 115
NPI-14 0.904 (8.0) 71
Vitrolube 0.599 (5.3) 727
Polylube No. 500 0.723 (6.4) 247
RIA No. 9 0.599 (5.3) 305
Surfkote M-1284 0.566 (5.0) 246
Surfkote A-1625 0.757 (6.7) 23

Notes: % Failure is indicated by a torque rise of 0.566 N m, (5.0 in-1b),.
above the steady state value, or breakage of shear pin,
%% Average of 6 test runs,
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TABLE 3

PELLET WEAR-LIFE TESTS

Test Method: Pellet Wear-Plate Equipment, Pellet, 440-C Stainless, R
15-20; Wear-Plate, 440-C Stainless, R; 55-59
Test Condition: Load, 93,079 N/m? (13.5 psi); Speed, 3.88 m/sec (765 fpm);
Ambient Temperature; Nitrogen Atmosphere
Wear-Life: High-Friction Shut-off Switch Set for Maximum Friction
Coefficient - 0.30. |

Mean Average Log Mean Average
Wear~Life Wear-Life
Solid Film (hr.) (hr.)

DAG 253 4.1 3.80
Drilube No, 1 5.5 3.24
Drilube 805 4,2 1.92
Electrofilm 2306 26.1 20.64
Electrofilm 5396 2.7 1.8
Lubribond "AY 3.4 2,82
Everlube 620 4.7 4,32
Everlube 811 9.5 8.54
Fel-Pro C-200 1.7 1.26
Fel-Pro C-300 3.1 2.39
MLR-2 (NPI 425) (VAC KOTE 18.07) 83.8 66.4
MLF-5 31,2 28.3
MLF-9 34,2 32.34
Molykote X~15 11.3 7.40
Molykote X-106 5.1 3.65
Molykote 321 6.9 4.70 .
NPI-14 7.1 3.64
Vitrolube 8.0 3.8
Polylube No. 500 6.7 4,64
RIA No. 9 . 1.8 1.77
Surfkote M-1284 6.3 4,68
Surfkote A-1625 2,5 2.91

Notes: “*Average of 20 test rums.
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TABLE 4

ELECTRICAL CONDUCTIVITY AND. VACUUM WEIGHT LOSS

Electrical
Resistance
Ohms
s 0.0254 Meter Gap
Solid Film (1.0 in,)
DAG 253 5,000
Drilube No. 1 500,000
Drilube 805 200,000
Electrofilm 2306 10,000
Electrofilm 5396 25,000
Lubribond "A" 3,000,000
Everlube 620 44,000
Everlube 811 7,000
Fel-Pro C-200 12,200
Fel-Pro C-300 1,835
MLR-2 (NPI 425) (VAC KOTE 18.07) 10,000,000
MLF -5 2,500
MLF-9 6,000
Molykote X-15 875
Molykote X-106 640
Molykote 321 560
NPI-14 16,300
Vitrolube %
Polylube No. 500 745
RIA No. 9 10,000,000
Surfkote M-1284 400,000
Surfkote A-1625 85,000
Notes: % No samples obtained.

- %%  Vacuum enviromment, 1.3332 x 1074 N/m2

temperature for 528 hr.

AV-~6

Vacuum
Weight
Loss¥%*
Kg/m2 x 10-1
(mg/cm?)

0.0775
0.186
0.062
0,171
0.000
0.155
0.1395
0.062
0.031
0.0155
0.0775
0.0465
0.340
0,1085
0.124
0,186
0.233
3%
0.0775
0.155
0,233
0.0775

(10“6 torr) at room



TABIE 5

VACUUM FRICTION AND WEAR-LIFE

Test Method: Pellet-Wear Plate Equipment; Pellet, 440-C Stainless R.
15~20; Wear-Plate, 440~C Stainless R, 55-59
Test Condition: Load, 15,170 N/m2 (2.2 psi); Speed, 3.88 m/sec (765 fpm)
Environment: (1) Vacuum, 1.33332 x 10-3 N/m2 (10™3) torr, Nitrogen
(2) Ambient, Air
(3) 204°C (+400°F), Nitrogen

Friction Coefficient Wear-Life
L Static Dynamic Minutes
Solid Film (average)* (average)¥* (average)¥*
DAG 253 -73°C (-100°F) (1) 0.30 0.20 145
Ambient (2) 0.14 0.14 69
204°C (4+400°F) (3) 0,30 0.18 136
Drilube No. 1 =73°C (-100°F) (1) 0.18 0.15 435
Ambient (2) 0.25 0.23 48
204°C (+400°F) (3) 0.30 0,20 2,065
Drilube 805 -73°C (~100°F) (1) 0.32 0.28 60
Ambient (2) 0.20 0.19 78
204°C (+400°F) (3) 0.20 0.07 618
Electrofilm 2306 -73°C (~1006°F) (1) 0.35 0.20 45
Ambient (2) 0.39 0.14 83
204°C (+400°F) (3) 0,12 0.07 65
Electrofilm 5396 -73°C (~100°F) (1) 0.29 0.18 54
Ambient (2) 0.33 0.23 58
204°C (+400°F) (3) 0.14 0.17 70
Lubribond "A" ~73°C (-100°F) (1) 0.32 0.15 33
Ambient (2) 0.33 0.18 60_
204°C (+400°F) (3) 0.33 0.10 113
Everlube 620 -73°C (~100°F) (1) 0.30 0.19 16
Ambient (2) 0.30 0.20 123
204°C (+400°F) (3) 0.13 0.15 130
Everlube 811 -73°C (~100°F) (1) 0.18 0.28 1
Ambient (2) 0.27 0.15 60
204°C (+400°F) (3) 0.25 0.12 58
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TABLE 5 (Continued)

" Friction Coefficient Wear-Life
Static . Dynamic Minutes
Solid Film (average)* (average)* (average)*
Fel-Pro G-200 ~73°C (-100°F) (1) 0.25 0.23 95
Ambient (2) 0.29 0.19 69
204°C (+400°F) 0.24 0.15 72
Fel-Pro C-300 -73°C (-100°F) (1) 0.24 0.18 217
Ambient (2) 0.59 0.20 80
204°C (H400°F) (3) 0.27 0.22 25
MLR-2 (NPI 425) -73°Cc (-100°F) (1) 0.35 0.30 90
(VAC KOTE 18.07) Ambient (2) 0.23 0.18 75
204°C (+400°F) (3) 0.23 0.05 5,178
MLF-5 -73°Cc (-100°F) (1) 0.25 0.28 137
Ambient (2) 0.29 0.15 69
204°C (+400°F) (3) 0.14 0.10 480
MLF-9 ~73°C (-100°F) (1) 0.23 0.18 744
Ambient (2) 0.30 0.20 768
204°C (+400°F) 0.21 0.15 1,056
Molykote X-15 -73°C (-100°F) (1) 0.30 0.21 109
Ambient (2) 0.30 0.12 91
204°C (+400°F) (3) 0.17 0.09 729
Molykote X-106 -73°C (~100°F) (1) 0.25 0.23 50
Ambient (2) 0.29 0.18 59
204°C (+400°F) (3) 0.23 0.16 57
Molykote 321 -73°C (-100°F) (1) 0.24 0.20 3
Ambient (2) 0.33 0.18 80
204°C (+400°F) (3) 0.22 0.13 60
NPI-14 ~73°C (-100°F) (1) 0.28 0.20 44
Ambient (2) 0.27 0.23 92
204°C (+400°F) (3) 0.23 0.09 75
Vitrolube -73°C (-100°F) (1) 0.30 0.28 38
Ambient (2) 0.20. 0.20 60
204°C (+400°F) (3) 0.09 0.15 42
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TABLE 5 (Concluded)

Friction Coefficient Wear-Life

Static Dynamic Minutes
Solid Film _ (average)* (average)* (average)®

Polylube No. 500 -73°C (-100°F) (1)  0.33 0.18 36
Ambient (2) 0.30 0,22 64
204°C (+400°F) (3) 0.20 0.05 51

RIA No. 9 ~=73°C (~100°F) (1) 0.35 Would not No time

start

Ambient (2) 0.35 0.13 78
204°C (+400°F) (3) 0.15 0.08 48
Surfkote M-1284 -73°C (~100°F) (1) 0.25 0.25 90
Ambient (2) 0.20 0.14 60
204°C (+400°F) (3) 0.15 0.18 120
Surfkote A-1625 -73°C (~100°F) (1) 0.29 0.23 26
Ambient (2) 0.35 0.18 75
204°C (+400°F) (3) 0.30 0.10 65

Notes: * Average of 3 tests.
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TABLE 7

DRY LUBRICANT WEAR—LIFE--INSTRUMENT-TYPE SPUR GEARS

Conditions: : Gears;
Load: 1.4 x 10! N m. (20 in-oz) 48 pitch, 55 and 56 teeth
Speed: 1800 rpm 20 degrees pressure angle,
Temperature: ambient (no heat added) 3.17 x 10-3 m. (1/8 in.) face
Atmosphere: dry nitrogen 303 stainless steel

AGMA class 12

Lubricant-to- Log Mean Average

Lubricant Binder Binder Ratio Life (hr.)
20 w mineral oil - - 679.4
MLF-5 sodium silicate 36.1
MLF-9 Al. phosphate 42.7

. MLR-1 PI-1101 112.7
MLR-1-A% PI-1101 1.0/0.27 118.0
MLR-1-1% P1I-1101 1.0/0.18 64.0
MLR-1-2% PI-1101 1.0/0.36 - 71.0
MLR-1-L#* PI-1101 1.0/0.27 70.0
MLR-1-A2/ PI-1101 1.0/0.27 A
MLR-1-AR/ PI-1101 1.0/0.27 67.3
MLR-2 (NPI 425)

(VAC KOTE 18.07) PI-4701 36.1
MLR~2-5 PI-4701 39.4
MLR-22/ PI-4701 : 23.0
MLR-15-7% skybond 704 1.0/0.41 72.0
MLR-15-8% skybond 704 1.0/0.26 109.0
MLR-15-9% skybond 704 1.0/0.63 72.0
MLR-20 17.6

- MLR-21 31.4
MLR~30 17.95
FEL-PRO C-200 (commercial, proprietary) 22.8
FEL-PRO C-200/MLR~1-A 15.0
VAC-KOTE 1.6
Gold plating (over electrolytic nickel) 0.2
Sputtered MoS2 6.1

* MoSy particle size for standard MLR- and MLF- films is 4.5 x 10-° m,
(44 n) or less (microsize). Particle size for all tests marked with *
is 4.5 to 7.7 x 10~2 m. (44 to 77 n), Type Z.

a/ These tests used 1.6 x 1073 m. (1/16 in.) face gears.

b/ These tests used 1.6 x 10-3 m. (1/16 in.) face gears and were run at
4,9 x 1072 x m, (7 in-oz) loading. The stress level is equivalent to
a 3.17 x 103 m. (1/8 in.) face gear of 1.4 x 10~! N m. (20 in-oz)
loading. ’
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TABLE 8

DRY LUBRICANT WEAR-LIFE--LOW SPEED GEAR TESTS

Load: 5.29 Nm. (3.9 ft-1b) Gear Data: 16 pitch, 64 tooth,
20 degree pressure
Speed: 150 rpm angle, steel, 6.35 x 10-3 n,
. (1/4 in.)
Temperature: Ambient (no heat added) face, and 1.27 x 102 m, -

(1/2 in,)face
Atmosphere: Dry nitrogen

Wear-Life Log Mean Average

Lubricant (hzr) Life (hr)
MLR—l—Ai; 24.74

MLR-1-A% 29.50 27.6
MLR-1-A 66.42

MLR-1~A 34.62 43.0
MLR-20 37.68

MLR-20 24 .17 30.2
MLR-21 26.08

MLR-21 40.07 32.33
MLR-30 34.45

MLR-30 63.48 46.76

a/These gears were cast iron with 14-1/2 degree pressure angle. They were
available from stock and used for check-out purposes only while 20
degree pressure angle gears were on order.
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TABLE 9

WEAR~-LIFE OF SOLID LUBRICANT COATED WORM GEARS

Temperature: Room ambient e Atmosphere: Air
Speed: 1,750 rpm (worm) Worm Gear: Nickel bronze alloy
Worm: Case hardened alloy steel 25 degrees pressure
25 degrees pressure angle angle
17 degrees, 28 sec. lead angle 17 degrees, 28 sec.
4 threads lead angle
1.63 x 102 m, (0,643 in,) pitch diameter 40 tooth

5.16 x 10~2 (2.032
in.) pitch diameter

Input: 0.280 horsepower
Average Average
Efficiency Wear-Life Wear-Life

Test Lubricant (%) (Revolutions) (Revolutions)
- 20 W 0il 63-66 -

- 140 W 0il 59-62 -

- 600 W 0il 63-66 - -
1-a2/ MLF-5 50-55 0.24 x 10°

1-pa/ MLF-5 56-66 0.35 x 10° 0.30 x 10°
2-A MLF-9 69-72 1.36 x 10°

2-B MLF-9 69-72 0.92 x 106 1.14 x 106
340/ MLR-1 - -

3-B MLR-1 29-72 1.81 x 10°

4-2-08/ MLR-1 60-65 1.34 x 100

4-B-0 MLR-1 60-65 0.62 x 10°

5-A-0 MLR-1 69-71 1.98 x 10°

5-B-02/ MLR-1 - - 1.44 x 106
6-A-0 MLR-2 54-57 3.56 x 10

6-B-0 MLr-2\ (NPT 425) o) o, 1.67 x 10°

7-A-0 Mrr-2[ (VAC KOTE 5 g5 2.94 x 10°

7-B-0b/ mr-2] 1807 _ - 2.72 x 109

g/ A-front side of teeth; B-black side of teeth.
b/ Test stopped early, uneven tooth contact.
¢/ 0 indicates oil run-in used.
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TABLE 10

AT¥ ROLL RING SIMULATOR (RACK & PINION)*

Pinion Rack
Lubricant Lubricant Torque Total Operating
(A-286 steel) (410 _S3) N m. (ft-1b) Distance m. (ft.

MLR-2 (NPT 425)
(VAC KOTE 18.07) None 1.9 (1.4) 7,462 (24,480)

Glass bonded
MoS» None 1.9 (1.4) 18,824 (61,760)

.Glass bonded

MoS, None 5.29 (3.9) 18,824 (61,760)
MLR~-1 None 1.9 (1.4) 19,586 (64,259)
MLR-1 None 5.29 (3.9) 357 (1,170)
MLR-1 None 5.29 (3.9) 686 (2,250)
MILR-1 None 5,29 (3.9) 4,402 (13,260)
MLR-1 Air drying 1.9 (1.4 18,824 (61,760)
bonded
MoSo lube

MLR-1 Air drying 5.29 (3.9) 20,820 (68,340)
bonded
MoSzlube

MLR-1 Air drying 9.49 (7.0) 1,899 (6,230)
bonded
MoS, lube

% Tests made at 10-7 torr.
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TABIE 11

ATM CMG ACTUATOR GEAR TRAIN EVALUATION*

Gear Gear
Material Hardness
420 Series RC 32-38

steel
420 Series RC 32-38
steel
420 Series RC 32-38
steel
420 Series  RC 32-38
steel
Nitralloy Case .
RC 58
Nitralloy Case
RC 58

* Tests made at 10~/ torr.
%% Available as NPI 425 and VAC KOTE 18.07.

Lubricant

MLR-2 %%

MLRTZ**

MLR-2%%

MLR-2 *k

MLR-1

MLR-1

AV-15

Total Op-

erating Time

Intermittent

29 days

7 Days

28 Days

56 Days and

5 hr

12 Days and
10 hr

6 Days and
5 hr

Total Pinion

Revolutions

600,000

148,000

590,000

1,180,000

260,000

130,000
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TABLE 12

‘ SELF-LUBRICATING MATERIALS —iPOLYMIDES

Uses

TENSILE STRENGTH
Designation Filler Material Friction Values N/m? (PSI) at R. T,
SP-1 (Vespel) None 0.046-0.09 in N, | 8.96 x 10*7 (13,000)

0.29 1in Air
sp-21 " 15% by Wt. Graphite | 0.06-0.C8 in N, 6.2 x 10*7 -(9,000)
' 0.12-0.24 in Air
sp~22 " 40% by Wt. Graphite | 0.09-0.30 in Air | 5.2 x 10%7 (7,600)
sP-211 " 15% by Wet. Craphite: , . 4.14 x 10*7 (6,000
15% by Wt. P.T.F.E. | 0.09-0.11 in Air
sp-31 " 15% by Wt. MoS, 0.17-0.25 in Air | 8.14 x 1077 (11,800)
0.03 in Vacuum
sp-5 " 30% by Vol. Short - 3.72 x 10%7 (5,400)
Glass Fiber
FEURLON-CT Graphite-P.T.F.E. 4.28 x 1077 (6,200)
Min.
FEURLON-AW Silver-Ws, 3.86 x 1077 (5,600)
Min.
FEURLON-C Graphite 4.4 x 1017 (6,400)
Min.
MELDIN-PI Nona 0.5 7.99 x 107 (11,600)
MELDIN-PI-30X | Lubricitive 0.2-0.25 2.29 x 107 (3,320)
Additive
MELDIN-PI-15Y | Lubricitive 0.3-0.35 4.96 x 1017 (7,200)
Additive

High Temp. Mechanical
and Electrical Parts

Non~Lubricated Bearings
and Seals

Bearings and Seals with
Low Thermal Expansion

Bearings and Seals with
Requiring Low Initial
Friction

Seals and Bearings in
Vacuum or Dry Areas

High Temp. Mechanical
Parts Requiring Low
Thermal Expansion

For Areas Where Temp-
eratures are Less Than
149°C (300°F)

Vacuum and Inert
Environments

Air Operation Over the
Temp. Range of 149-399°C
(300°F-750°F)

Seals, Thrust Washers,
Bearing Retainers,

Piston Rings

Same as Above

Same as Above

Note:

All information obtained from manufacturer's literature.
(Vespel) SP- Trade name of E. I. DuPont De Nemours & Company
FEURLON- " roon

Bemol Corporation

MELDIN - " " " ‘Dixon Corporation
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APPENDIX A -

GLOSSARY FOR SOLID FIIM LUBRICANTS

Binder: Material used to hold the pigment of a solid lubricant
system to the substrate. - :‘ . : "

Carrier: ILiquid, solvent or gas in which the lubricant solid is
suspended to facilitate handling or application, but does not form part of
the solid film lube or affect the adhesion properties,

Hard vacuum: Term used to denote a high vacuum < 1.3332 x 10-4 N/m2
(low pressure, < 10-6 torr).

Impact sensitivity: Tendency of some materials to react with
liquid oxygen when subject to mechanical impact or vibration., This reaction
is frequently explosive in nature.

"LOX": Abbreviation used to denote liquid oxygen.

"LOX" Compatible: Denotes solid film lubricants that have passed
the "ABMA" test (97.6 joule) (72 ft-1b) impact in liquid oxygen with no
reaction in accordance with MSFC-SPEC-106.

"LOX" resistant or "LOX" insensitive: Denotes solid film lubri-
cants which do not react with and have some resistance to liquid oxygen,
but have not passed or will not pass the ABMA "LOX" Impact Test.

Pigment: Solid lubricant material (MoSy, graphite, etc.) used in
a solid lubricant system.

Pretreatment: Usually refers to the treatment of a substrate or
the base material to improve solid film adhesion or the corrosion protection.

Solid lubricant: A solid material that provides lubrication between
two relatively moving surfaces.

Matrix lubricant: Two or more solid lubricants mixed together to
form a solid lubricant compound,

TFE: Tetrafluoroethylene.
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Torr: Unit of pressure adopted by the American Vacuum Society.
It is defined in terms of standard atmosphere (1,013,250 dynes/cmz). Torr
is 1/760 atmosphere, or 1,340 dynes/cm?. One torr is approximately 1.0 mm.
mercury, and in SI units 133.322 N/mZ,

Solvent: Liquid used to thin solid lubricant solutions or to
remove solid film lubricant from substrate.
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APPENDIX B

SOLID FIIM LUBRICANT SPECIFICATTONS

MIL-M-7866B; Molybdenum Disulfide, Technical, Lubrication Grade

This specification covers the requirements for procurement of one
grade of powdered molybdenum disulfide, to be used for the lubrication of
surfaces when boundary conditions exist., The powder shall have a purity
(98.5% pure MoSy, minimum) and a particle size (average, > 5 pm. and < 10 pm.)
suitable for general lubricating use.

Uses: 1Intended for use as a dry lubricant or as a component with
suitable specification oils or greases for special applications where other
lubricants are not satisfactory. Reduces friction and wear under low and
high sliding velocities; used as thread anti-seize for lightly loaded ap-
plications where fluid lubricant is objectionable; and is an effective
lubricant over a wide range of temperatures.

Limitations: The unbonded lubricant does not give corrosion
protection. The material must be bonded and cured to develop maximum
lubrication potential; in this form it must also provide a minimum of 500
hr. corrosion protection in heat and high humidity conditions. Mixtures
of this powder with oils or greases should not be done in field applica-
tions where performance data have not been established,

MIL~G-6711; Graphite, Lubrication

This material is a 200 mesh (80 pm.) high grade, powdered graphite
for use preferably as a dry lubricant, but may be mixed with a proven spec~
ification oil,

Uses: Intended use is principally as a '"dust-on" or “brush-on"
dry powder lubricant for sliding surfaces (i.e., tracks, slides, grooves).
It may be used over a wide temperature range.

Limitations: This material is a large particle size powder and
is not recommended for blending with oils or greases, particularly in
aircraft or aerospace applications. MIL-M-7866B molybdenum disulfide
should be used in preference to this material, if possible.
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MIL-1-8937A (ASG): ILubricant, Solid Film, Heat-Cured

This specification establishes the requirements for a solid film
lubricant intended to reduce wear and prevent galling and seizure of metals.

Condensed specification requirements:

Material: Finely powdered lubricating solids dispersed in
suitable binders are capable of being cured within 60 min. at 149°C (300°F).

Film appearance and thickness: The bonded film lubricant
shall appear smooth and free from cracks, scratches, pinholes, blisters,
bubbles, runs, sags, foreign matter, grit, rough particles, separation of
ingredients, or other imperfections.

Film adhesion: The bonded solid film lubricant shall not
be lifted from the test panel by the pressure-sensitive masking tape method.
A uniform deposit of powdery material may cling to the tape, but lifting
of any flakes or particles which expose any bare metal shall indicate un-
satisfactory adhesion.

Thermal stability: The bonded solid film lubricant shall

not flake, crack nor softén, and shall have satisfactory adhesion when
tested for 3 hr. at -54°C (-65°F) and 260°C (+500°F).

Fluid resistance: The bonded solid film lubricant shall not
soffen, lift, blister, crack or peel, and shall have satisfactory adhesion
when half immersed for 24 hr. at room temperature in each of the following
fluids: standard hydrocarbon test fluid, aviation gasoline, jet fuel,
hydraulic fluids (petroleum and nonpetroleum base), aircraft lubricating
oils (petroleum and synthetic base), silicone fluid, and trichloroethylene,

Endurance life: The bonded solid film lubricant when tested
in the Falex lLubricant Tester shall have an average life of not less than
120 min. at 4,448 N (1,000 1b.) gage load. The minimum life of any single
run shall not be less than 100 min.

Load carrying capacity: The bonded solid film lubricant
when tested in the Falex Lubricant Tester shall have a minimum load carrying
capacity of 11,120 N (2,500 1b.) gage load.

_ Corrosion resistance: The bonded solid film lubricant on
anodized aluminum panels shall show or cause no discoloration, pitting,
formation of white deposits or other evidence of corrosion after 500 hr.
at 49°C (120°F) and 95% humidity.
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Uses: This solid film lubricant is intended for use on steel,
titanium, aluminum, aluminum alloys and other metals. Useful where other
lubricants are difficult to apply or where they may be contaminated by dirt
and dust, Suitable for sliding motion surfaces, such as plain spherical
bearings, flap tracks, hinges and cams.

Limitations: This solid film lubricant should not be used with
oil or grease unless experience indicates otherwise. Because of the 149°C
(300°F) cure temperature, it should not be used on materials which are
adversely affected by exposure to this temperature, It should not be used
where there is potential contact with liquid oxygen. Storage or shelf-life
is limited and should not be used beyond 6 months from date of manufacture.

MIL-1-23398B; Lubricant, Solid Film, Air Drying

This specification establishes the requirements for an air-drying
solid film lubricant intended to reduce wear and prevent seizing and galling
(NATO Code S-~749).

Condensed specification requirements:

Material: Finely powdered lubricating solids in suitable
binder, which are in a spraying consistency. The applied film shall cure
at room temperature, 25°C (77°F) in not more than 6,0 hr. Additives if
necessary to meet specification requirements,

Film condition: The bonded solid film lubricant shall appear
uniform in color, smooth, free from cracks, scratches, blisters, foreign
matter, grit, rough particles, bubbles, pinholes, runs, sags, or other sur-
face imperfections, and shall show no evidence of separation of ingredient,

, Film adhesion: The bonded solid film lubficant shall not
be lifted from the test panel by the pressure-sensitive masking tape method.
A uniform deposit of powdery material may cling to the tape, but, lifting
of any flakes or particles which expose any bare metal shall indicate un-
satisfactory adhesion,

Thermal stability: The bonded solid film lubricant shall
not flake, crack or soften, and shall have satisfactory adhesion when tested
for 3 hr. at -54°C (-65°F) and 260°C (4500°F).

Fluid resistance: The bonded solid film shall not flake,
crack or peel, and shall have satisfactory adhesion after immersion for
24 hr., at room temperature in each of the following fluids: standard hy-
drocarbon test fluid, aviation gasoline, jet fuel, hydraulic fluid (pe-
troleum base), lubricating oils (petroleum and synthetic base) and anti-icing/
deicing/defrosting fluid, hydraulic fluids (nonpetroleum base), silicone
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fluid (Dow-Corning - 550 or equivalent), trichloroethylene, and lubricating
0il internal combustion (heavy duty).

Endurance life: ' The bonded:-solid film lubricant when tested
in the Falex Lubricant Tester shall have an average life of not less than
60 min. at 4,448 N (1,000 1b,) gage, and any single run shall not be less
than 50 min. using manganese phosphatized specimens. Using zinc phosphate
specimens the average life shall not be less than 120 min. and none less
than 90 min. ’

_ Load capacity: The bonded solid film lubricant, tested in
the Falex Lubricant Tester, shall have a minimum load capacity of 11,120 N
(2,500 1b.) gage.

Corrosion protection: The bonded solid film lubricant on
anodized aluminum panels and steel panels shall show or cause no discolora-
tion, pitting, formation of white deposits, or other evidence of corrosion
when subjected to high humidity conditions.

Storage stability: This solid film solution shall remain in
a homogeneous blend showing no evidence of gelation after storage in a
closed container for 12 months at room temperature, 25°C (77°F). After
storage, the bonded solid film lubricant must conform to the other require-
ments of this specification.

Uses: This air-drying solid film lubricant is intended for use
on steel, titanium, aluminum and aluminum alloys. It is useful where con-
ventional fluid lubricants are difficult to apply or may be contaminated
" with dirt and dust. Generally suitable for sliding motion surfaces, such
as plain spherical bearings, tracks, hinges, cams, ete. Recommended for
applications where solid film lubricants that require elevated temperature
cures cannot be applied because of material or other rcasons, but may be
heat cured at temperatures up to 121°C (250°F).

Limitations: This solid film lubricant should not be used with |
0il and grease unless experience indicates otherwise. Application should
be conducted in a well ventilated area where no flame or ignition sources
are present. This material is not a substitute for MIL-L-8937 lubricants,
as it has lower wear-life and load carrying ability. Not for use on roller
bearings. Should not be stored at temperatures above 49°C (120°F).

MIL-1-22273 (WEP); lubricant, Solid Film, Heat Curxed

k'Superseded by MIL-L-8937 (ASG).
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MIL-1-25504 (USAF): Lubricant, Solid Film, Heat Cured

Superseded by MIL-L-8937 (ASG).

MIL-L-46010A (MR); Iubricant, Solid Film, Heat Cured, Corrosion Inhibiting

This specification covers a resin-bonded, heat-cured, solid film
lubricant intended to reduce wear, prevent galling and seizure, and provide
corrosion protection to metals, This lubricant does not contain graphite
or powdered metals,

Condensed specification requirements:

Materials: The lubricant shall consist of a dispersion of
lubricative pigment or pigments in a thermosetting resin with or without
additives,

Film thickness: The lubricant shall be capable of being
applied by brush, dip or spray methods and cured to a film thickness of
0.508 x 1073 and 1.27 x 107 m. (0.0002 and 0,0005 in,). All film measure-
ments must be within these limits,

Wear=-life: The cured lubricant film shall provide an average
minimum Falex wear-life of 450 min. at 4,448 ¥ (1,000 1b,) gage load., No
single test shall have less than a 390-min. wear-life. A minimum of four
tests is required,

Load carrying capacity: The cured lubricant f£ilm shall pro-
vide an average minimum Falex load carrying capacity of 8,896 N (2,000 1b.)
gage. No single test shall have a load capacity of less than 7,784 N
(1,750 1b.) gage. A minimum of two tests is required.

Corrosion protection: The cured lubricant film when applied
to 0.,0762 x 0.1524 m., (3 x 6 in.) steel sheet (SAE 1009) test panels shall
show a maximum of three rust dots per panel after a salt spray exposure of
100 hr.

Film adhesion: The cured lubricant film shall not be lifted
from the test panel by the pressure-sensitive masking tape method. A uniform
deposit of powdery material may cling to the tape, but lifting of any flake
“or particles which expose any bare metal shall indicate unsatisfactory
adhesion. '

Fluid resistance: The cured lubricant film shall pass the
film adhesion test after half immersion for 24 hr. at 23°C (74?F) in each
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of the following fluids: standard hydrocarbon test fluid, aviation gasoline,
jet fuel, hydraulic fluids (petroleum and nonpetroleum base), aircraft
lubricating oils (petroleum and synthetic base), silicone fluid, and tri-
chloroethylene, ‘

High and low temperature stability: The cured lubricant
film shall pass the film adhesion test after high temperature of 260°C
(500°F) for 3 hr., and low temperature cycle of 24 hr. placed on a cake of
dry ice (carbon dioxide).

Storage stability: The lubricant dispersion stored in a
closed container for 6 months at room temperature shall meet the wear~life
and corrosion protection requirements of this specification.

Uses: This resin-bonded solid film is intended for use on aluminum,
copper, copper alloys, steel, stainless steel, titanium, and chromium and
nickel-bearing surfaces. Generally is suitable for sliding motion applica-
tions, such as plain and spherical bearings, tracks, hinges, threads, and
cam surfaces. Useful under the following conditions: where conventional
lubricants are difficult to apply or retain; where other lubricants may be
contaminated by dirt or dust; temperature ranges between -54°C (-65°F) to
177°C (+350°F) in mechanisms operated at infrequent intervals; and in
mechanisms to be lubricated for life.

‘ Limitations: This film lubricant should not be used on materials
adversely affected by the heat-cure cycles of 204°C (400°F) for 1.0 hr.,

‘or 149°C (300°F) for 2 hr. ‘Application should be conducted in well ventilated
areas where no flame or ignition source is present. The corrosion protection
of this film is probably obtained by the phosphate coating applied to the
base material. iThis lubricant shall cotitain no.graphite or powdered metals.

MIL-1-46009 (MR); Lubricant, Solid Film, Air'Drying (In Pressurized Con-
tainers)

This specification establishes the rcequircements for one grade of
" air-drying solid film lubricant packaged in self-pressurized containers;
both the film lubricant properties and the acrosol container requirements
are defined.

Condensed specification requirements:

Materials: The self-pressurized container and lubricant
shall be of the following composition: a suitable fast air-drying binder
carrier, a suitable powder lubricating pigment or mixture of lubricating
'solids; an additive may be used to improve properties of the lubricating
film, and a pressure producing agent.
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) Film condition: The spray pattern shall be uniform in color,
smooth and free from bubbles and runs. There shall be no evidence of separa-
tion of material ingredients.

Thermal stability: The solid film lubricant coated on steel
panels shall show no deterioration after 5 hr. of exposure to temperatures
of 204°C (400°F) or when placed on a cake of solid carbon dioxide (dry-ice).

Fluid resistance: ILubricant-coated metal plates and Falex
specimens shall be placed in MIL-L-2104, Grade 10 engine oil for 24 hr. at
38°C (100°F). Metal plates must pass visual corrosion protection test and
Falex specimens must provide a 120-min, wear-life at 4,448 N (1,000 1b,)
gage load. o

Wear-life: Falex pins and V-blocks shall be cleaned,
phosphated and sprayed with dry film lubricant. Wear-life shall be a
minimum of 120 min. at 4,448 N (1,000 1b,.) gage load., Failure is indi-
cated by a torque reading of 2.8 N m. (25 1lb-in) or more,

Load capacity: Load carrying capacity of the dry film shall
be determined using the Falex Lubrication Tester, cleaned and phosphated
pins and V-blocks coated with the film lubricant. The minimum load capa-
city shall be 11,120 N (2,500 1b.) gage. Failure is indicated by a large
increase in torque or by breakage of the shear or test pin,

Corrosion resistance: Spray dry £ilm lubricant, 1.016 to
1.524 x 10~2 m.(0.0004 to 0.0006 in.) thick, on cold rolled steel (SAE
1009), and allow to air-dry. A 30-hr. exposure to high humidity in a
desiccator two-thirds full of water at room temperature shall show no
visual evidence of corrosion.

Spray duration and Weigﬂt: The container shall provide a
minimum effective spray period of 270 sec. (spray containing lubricative
pigment). The container shall contain a minimum of 0.3331 kg. (11.75 oz.)
of material, including a minimum of 0.01418 kg. (0.5 oz.) of solids.

Storage stability: The solid film lubricant in the container
shall meet the requirements of this specification after 1 year under stan-
dard laboratory conditions.

Uses: The air-drying, aerosol spray lubricant is intended for
use on metallic-bearing surfaces where moderate wear-life and corrosion
protection are desired. It can be used to repair worn bearing surfaces
originally coated with thermosetting resin-bonded solid film lubricants.
This lubricant can also be used to prevent scoring and seizure on initial
start-up of new or overhauled heavily loaded equipment. Although intended
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as an air-dry film lubricant, it may also be cured at temperatures up to
121°C (+250°F).

Limitations: The use of this solid film lubricant is not recom-
mended on rolling element bearings. The wear-life is also drastically’
reduced by the presence of lubricating oils. The lubricant and container
should not be stored at temperatures above 49°C (120°F) and should be kept
away from direct sunlight, stoves, radiators and other heat sources.

MIL-L-81329A (ASG); Lubricant, Solid Film, Extreme Environment

This specification establishes the requirements for a solid film
lubricant to be used in extreme enviromments, including temperatures from
-184°C (-300°F) to 399°C (+750°F) 1liquid oxygen, and vacuum, to reduce
wear and prevent galling and seizing of metal surfaces.

Condensed specification requirements:

Material: High quality lubricating solids in a suitable
binder at spraying consistency. Organic materials are not suitable for
this lubricant. The lubricant material shall be nonflammable when heated
by a Bunsen Burner flame. The applied lubricant film shall be capable of
being cured by the following heating schedule: 1/2 hr. at 25°C (77°F),

2 hr, at 82°C (180°F), and 2 hr. at 149°C (300°F).

Appearance and film thickness: The solid film lubricant
shall be free of surface imperfections and show no evidence of separation
of material ingredients; the finished film thickness shall be between
2.54 and 3.56 x 107> m. (0.0010 and 0.0014 in.).

Film adhesion: The bonded film lubricant shall not be lifted
from the test panel by the pressure-sensitive masking tape method. A uni-
form deposit of powdery material may cling to the tapc, but lifting of any
flakes or particles which expose any bare metal shall indicate unsatisfactory
adhesion.

Thermal stability: The bonded solid film lubricant applied
to 18-8 stainless steel panels and exposed to 399°C (750°F) for 3 hr. fol-
lowed by 1 hr. at -184°C (-300°F) shall show no flaking, cracking or soften-
ing.

Endurance life: The solid film lubricant shall have a min-
imum average life of 80 min. on the Falex Lubricant Tester at 4,448 N
(1,000 1b.) gage load. A minimum of four tests is required. No single test
shall have a life of less than 70 min.
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High temperature performance: The solid film: lubricant
tested by the method and equipment described in Federal Standard No. 791,
Method 333, shall demonstrate a useful life of 500 hr. at :399°C (750°F)
and 10,000 rpm continuous running on M-10 steel SAE 204 bearing with
ABEC-3 tolerance, s : :

Vacuum performance: The solid film lubricant shall be ap-
plied to an anti-friction bearing and subjected to a vacuum enviromment of
(1.0 x 10-6) 1.333 x 10~4 N/m2 torr at 538°C (1000°F) and 1,250 rpm. A 22.24
N (5.0 1b.) axial and a 13.34 N (3.0 1b.) radial load shall be applied to
the bearing. The solid film lubricant shall demonstrate a minimum life of
100 hr. Failure is indicated by 7°C (20°F) rise in temperature of the bear-
ing case or a 50% increase in power required.

Shock sensitivity with "LOX": The solid film lubricant tested
in accordance with U.S. Air Force Specification Bulletin 527 shall give no
reaction in 20 test drops at 94.91 joule (70 ft/1b) energy level. The
solid film lubricant shall be spray deposited and cured in test cups prior
to testing.

Storage stability: A closed quart container of the solid
film solution shall be stored at 25°C (77°F) for 6 months. It shall then
be mechanically agitated for 5 min., the container opened, and the lubri-
cant examined for homogeneity. Cured solid film specimens shall then pass
the film adhesion, thermal stability and endurance life tests.

Uses: This solid film lubricant is intended for use in liquid
oxygen systems, space vehicles, bearing and other equipment where the
environments of temperature, nuclear radiation and vacuum will not permit
the use of conventional lubricants or organic-bonded solid film lubricants,

Limitations: This solid film lubricant should not be used on
materials which may be adversely affected by the required cure temperature
of 149°C (300°F), It should not be used with oils or greases unless ex-~
perience indicates otherwise.

MSFC-SPEC-253A; Lubricant, Dry Film, Ceramic, MLF-5 and MLF-9 (Preparation
and Application)

This specification covers the requirements for the preparation
of parts and application of two types of dry film lubricating materials,
designated MLF-5 and MLF-9, that have low friction and will support high
loads.
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Condensed specification requirements: Surface finish and prepara-
tion for these solid film lubricants required a chemically and mechanically
cleaned surface with:a smooth: dry-honed finish not exceeding 0.20 to 0,33
x 10-6.m, (8 to 13 nin.) (mms).

MLF-5 solid film: Preparation requires careful mixing of
specified amounts and particle sizes of several solid film powders, in-
cluding: molybdenum disulfide, graphite, gold and sodium silicate in
specified proportions of distilled water; Powdered ingredients for this
solid film lube shall pass through a 325-mesh sieve (44 pm.).

MLF-9 solid film: Preparation requires careful mixing of
_specified amounts and particle sizes of several granular powders, including:
molybdenum disulfide, graphite, bismuth and aluminum phosphate in specified
proportions of distilled water. The powdered ingredients for this solid
film shall pass through a 325-mesh sieve (44 pm.).

Mixing, application and cure: Both MLF-5 and MLF-9 must be
- continuously stirred during mixing, and the mixed lubricant solution must
also be stirred in the container during spray application. The solid film
must be applied as a fine mist spray, using a dry-nitrogen pressure source.
The rate of application should be such that the film appears to dry on
contact and no wet spot should appear. Individual coats or layers of film
lubricant should be between 2.54 and 10.16 pm, (0.0001 and 0.0004 in.).
Both MLF-5 and MLF-9 require sequential heat cure cycles, the maximum for
MLF-5 is 149°C (300°F); for MLF-9 the maximum is 227°C (440°F).

‘Workmanship: When applied to parts and cured as specified,
both MLF-5 and MLF-9 lubricants shall show no evidence of cracking, flaking,
. or other defects that adversely affect their intended use.

MIL-L-60326 (MU)(1): Lubricant, Fluorocarbon Toelomer Dispersion (For Use
With Ammunition, NATO Code: None)

General characteristics: This specification covers a fluorocarbon
lubricant dispersed in tridorotrifluoroethane (Freon) available in three
types (I, II, and III). The solid content varies from 207 to 2.5%.

Uses: The materials covered by this specification are intended for
use with ammunition. It also has good lubricity and antistick properties
and can be used on metals, lather, elastomers, etc., as a lubricant or release
agent.
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SS-G-659a: Graphite, Dry (Lubricating, NATO Code: S-732)

General characteristics: This specification covers a powdered
lubricating graphite free from any indications of caking or lumping which
may be made from natural or manufactured graphite, unless otherwise specified.
The graphite-carbon content must not be less than 95%. No particle size
shall be larger than 149 um. (100 mesh); 88% must be smaller than 74 m.
(200 mesh); and at least 607% must be smaller than 44 um. (325 mesh).

Uses: Intended for use as a dry lubricant or to be compounded
with oils and greases. As a dry lubricant, it may be applied by burnishing,
spray, or dipping. It may also be compounded with resinous binders, alone
or with other materials to form solid lubricants and composite lubricants.

Limitations: The powdered lubricant does not provide corrosion
protection. It may be used over a wide temperature range. The powder must
be free from abrasives or other undesirable impurities, and must not con-
tain more than 2.5% ash or volatile matter.

MSFC SPEC~502: Lubricant, Dry Film, Ceramic, MLF-5, Preparation and
Application of :

This specification covers the requirements for the preparation
and application of a LOX compatible dry film lubricant designed MLF-5,
Included are: qualification of the facility and process, spray operator,
and new raw materials used. MLF-5 dry film is available in two grades:
Type I - heavy duty, long life; Type II - light duty, short life.

Facility and process approved: To obtain facility and process,
the supplier must prepare a complete description of the method of compound-
ing and applying the lubricant. Preparation of endurance test samples

'meeting specification requirements are also required. Reapproval is also
required for significant changes in procedure, facility or changes in
operating personnel or if procedure is not used within 3 months.

" Raw material approval: Each new batch combination of raw materials
(except distilled water) requires preparation of three endurance test sam-
ples meeting specification requirements.

Spray operator approval: Each new spray operator must demonstrate
his skill in spraying parts with MLF-5 lubricant by preparing three endurance
test samples that meet specification requirements. Reapproval of operator
is required if more than 1 month occurs between spraying operations.
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Preparation of parts: Specification requirements cover method
of surface preparation prior to application of lubricants. These include
machine finish, grit blast finish, and surface cleaning. Unless detailed
drawing specify otherwise, the surface finish should be in the range of
4.06 to 7.62 x 1077 m. (16 to 30 pin.) rms.

Preparation of MLF-5 lubricant: Specification included completely
the quantity and quality of each ingredient in MLF-5 lubricant. This in-
cludes molybdenum disulfide powder, graphite powder, sodium silicate,. gold
powder, NPC turgitol nonionic, and distilled or deionized water.

Film thickness: Optimum thickness of MLF-5 lubricant depends on
anticipated use and available clearance. Unless specified on detailed
drawings, recommended film thickness should be between 1.02 to 3.05 x 10-3
m. (0.0004 to 0.0012 in.).

Film cure cycle: The applied lubricant shall be heat cured in a
three-step cure cycle.

1. Heat at 80°C * 5°C for 2 hr.
2. Heat at 149°C * 5°C for 8 hr.
3. Reduce slowly from 149°C to ambient temperature.

Shelf 1ife: MLF-5 lubricant not used within 5 days after mixing
shall be discarded.

Intended use: This specification is intended for use in the prepara-
tion and application of MLF~5 lubricant to specified parts or components of

space vehicles and associated equipment.

MSFC (Drawing); 50M60434: Lubricant, Dry Film, MLR-2 Preparation and
Application of (NATO Code: None)

This specification covers the requirements for the preparation of
parts and applications of dry film lubricating materials, designated
MLR-2, that has low friction coefficients and the capacity of supporting
high loads without penetration. This dry film lubricant is not compatible
with LOX.

Preparation of parts: Specification requirements cover method of

surface preparation prior to application of lubricant. These include machine
finish, grit blast finish,and surface cleaning. The prepared surface should
have a random surface finish of 4.06 to 6.10 x 10-7 m. (16 to 24 pin.) rms.
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Preparation of MLR-2 lubricant: Specifications list the ingredi-
ents and quantities of each as well as the method of mixing MLR-2 lubricants.
‘Materials used are: molybdenum disulfide powder, antimony trioxide powder,
polyimide high temperature binder solution, xylene-xylol, and pyrrolidinone.
Ingredients must be thoroughly mixed for 5 min, in a sealed high-speed
blender,

Application and film thickness: MLR-2 lubricant must be con-
tinuously stirred in a special side outlet flask during application to
prevent particle settling. The mixture shall be applied by an air brush
spray using nitrogen on air (MSFL-PROC-404) and the parts to be sprayed
. shall be heated to 49°C to 60°C (120°F to 140°F) prior to spraying. Heat
lamps are required to assure a dry surface and to accelerate evaporation
of the film mixture, After spraying, part should be dried at ambient tem-
perature for 10 to 20 min, Film thickness shall be as specified on the
applicable detail drawing. Optimum film performance is usually obtained
with a film thickness of 7.62 x 1076 m, (0,003 in.),

Film cure cycle: After the applied film has dried at ambient
temperature, it shall be cured by the following three-step cycle: (1) 93°C
(200°F) for 1.0 hr., (2) 302°C (575°F) for 1,0 hr., and (3) remove and
allow to cool to ambient temperature.

Intended use: This specification is intended for the use in
preparation and application of MLR-2 lubricant to specified parts and com~
ponents of space vehicles and associated equipment,
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APPENDIX C

TEST EQUIPMENT AND PROCEDURES

Falex Lubricant Tester

A. Apparatus

The Falex tester utilizes a rotating pin and V-block test con-
figuration as shown in Figure 1, The Falex Lubricant Tester consists of
a drive motor, loading mechanism, reaction-torque sensing system, and
elapsed running time control unit with an automatic cutoff switch (see
Figure 2). The control unit and cutoff device were designed and fabricated
at Midwest Research Institute. This tester, which has been used throughout
the solid lubricant industry, provides a means for evaluating the load
carfying:capabilitj‘and the wear-life of a film at high loads.

B. Test Procedures

1., Life tests:%*

a. Insert the solid film coated V-blocks in the recesses
of the loading device.

b. Mount the solid film coated test pin in the test shaft
and insert the brass shear pin.

c. DPosition the loading mechanism and turn the ratchet wheel
by hand until the loading mechanism engages (indicated on the load gauge).
Position the load applying arm and energize the drive motor until a gauge
load of 1,334 N (300 1b.) is reached; remove the load applying arm and con-
tinue running for 3 min.; then increase the load to 2,224 N (500 1b,)
using the load applying arm, and run for 1 min,

d. Apply loads in increments of 1,112 N (250 1b); run for
1 min., at each load until a 4,448 N (1,000 1b.) gauge load is reached on
the 20,016 N (4,500 1b.) gauge. Maintain a 4,448 N (1,000 1b.) load and
measure the time-to-failure,

% Test procedure requirements of Federal Test Method Standard No. 791a,
Method 3807,
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e, Failure is indicated by a torﬁue rise of 0.566 joule
(5 in-1b) above the steady state value or breakage of the test or shear
pin.

2. Load carrying capacity:%

3. Insert the solid film coated V-blocks in the recesses
of the loading device.

b. Mount the solid film coated test pin in the test shaft
and insert the brass shear pin.

c. Position the loading mechanism and turn the ratchet
wheel by hand until the loading mechanism engages (indicated on the load
gauge). Position the load applying arm and energize the drive motor until
a gauge load of 1,334 N (300 1b.) is reached; remove the load applying arm
and continue running for 3 min.; then increase the load to 2,224 N (500 1b.)
using the load applying arm and run for 1 min, '

d. Apply load in increments of 1,112 N (250 1b.) (gauge
load) with 1 min, runs at each load until a gauge of 20,016 N (4,500 1b.)#*%
is reached or until failure occurs.

e. Failure is indicated by inability of the lubricating
film to maintain the load for 1 min., breakage of the shear or test pin,
or a sharp increase in torque, 0.791 joule (7 in-1b or more) over the
gradual increase accompanying the increcase in load,

Vacuum Weight Loss of Bonded Solid Film Lubricants

Metal specimens, 1 in. x 1 in.,, were cleaned and coated with the
test solid lubricant materials. All lubricant samples were cured in ac-
cordance with the manufacturer's requirements. Samples were then weighed
on an analytical balance to the ncarcest 0.1 mg., Test samples were placed
in holders and subjected to a vacuum of 1.3332 x 104 N/m?2 (10‘6 torr) for
a period of 528 hr. Samples were then reweighed and weight loss calcu~
lated on the basis of weight loss per square centimeter.

* Test procedure requirements. of Fedecral Test Method Standard No. 791la,
Method 3812,
*% Not required by Federal Test Method Standard No. 791la, Method 3812,
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Electrical Conductivity

A. Apparatus
1. Glass slides, 0,0762 x 0.0254 m, (3 in. x 1 in.).
2. Silver paint.

3. Wheatstone bridge.
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